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1.	   Introduction	  and	  Research	  Objectives	  
	  
	  The	   selection	   of	   particular	   “greenstone”	   materials	   to	   be	   manufactured	   into	  petaloid	   shaped	   artifacts,	   often	   referred	   to	   by	   researchers	   as	   axes,	   adzes,	  hatchets	   or	   celts	   seems	   to	   be	   almost	   a	   universal	   phenomena	   of	   past	   human	  societies	  with	  examples	  of	  similar	  materials	  and	  similar	  artifacts	  used,	  one	  way	  or	   another,	   on	   essentially	   every	   continent	   (except	   for	   Antarctica).	   Although,	  what	  exactly	  these	  stone	  objects	  represented	  (and	  how	  they	  were	  utilized)	  in	  the	  numerous	   different	   spatially	   and	   temporally	   unrelated	   group’s	   ontological,	  cosmological	  and	  socio-­‐economical	  beliefs	  are	  likely	  not	  the	  same.	  It	  does	  allow	  one	   to	   speculate	   that	   this	   material	   was	   perceived	   as	   having	   some	   use	   or	  importance,	  whether	  utilitarian,	  ceremonial	  or	  most	  likely	  a	  combination	  of	  the	  two.	  Even	  today,	  in	  the	  case	  of	  at	  least	  the	  Dominican	  Republic,	  it	  is	  possible	  to	  purchase	  replicas,	  and	  most	  likely	  originals,	  of	  these	  greenstone	  “axe”	  heads	  on	  certain	   shopping	   streets	  with	   the	  belief	   that	  when	  kept	   inside	  of	  ones	  home	   it	  will	  act	  as	  a	  sort	  of	  good	  luck	  charm.	  Documented	   descriptions	   of	   the	   various	   stages	   and	   processes	   of	  procurement,	  manufacture,	  use,	  and	  eventual	  “discard”1	  of	  these	  stone	  artifacts	  have	   been	   recorded	   both	   ethnographically	   and	   in	   ethnohistoric	   sources	   in	   the	  Americas,	  Oceania	  and	  Indonesia.	  Unfortunately,	  this	  documentation	  is	  often	  not	  extensively	   encompassing	   of	   all	   regions	   and	   people	   that	  were	   involved	   in	   this	  practice	   (whether	   temporally	   or	   spatially)	   and	   it	   is	   rarely	   the	   case	   that	   all	   of	  these	  portions	  of	  an	  artifacts	  biography	  are	  documented.	  Especially	   in	  the	  case	  of	  the	  post-­‐Contact	  insular-­‐Caribbean	  very	  little	  information	  was	  documented	  in	  the	  past	  about	  these	  particular	  stone	  axes/adzes/celts	  and	  more	  contemporary	  ethnographic	   research	   is	   no	   longer	   possible	   (as	   was	   possible	   in	   Oceania,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  1	  In	  whatever	  form	  or	  manner	  that	  may	  occur.	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Indonesia,	  and	  parts	  of	  South	  America).	  Of	  all	  of	  the	  information	  gathered	  during	  ethnohistoric	   and	   ethnographic	   research,	   the	   seemingly	   least	   documented	  portions	   are	  with	   regards	   to	   the	   eventual	   discard	   and	   the	   procurement	   of	   the	  raw	   materials	   from	   primary	   and	   secondary	   geological	   sources.	   At	   least	   with	  regards	   to	   the	   procurement	   of	   raw	   materials,	   geological	   techniques	   when	  exercised	   with	   archaeological	   questions	   may	   help	   shed	   some	   light	   on	   the	  situation.	  	   Although	  analysis	  of	  similar	  stone	  artifacts	  and	  materials	  has	  occurred	  in	  other	  areas	  of	   the	  world	  and	   the	  Caribbean,	   the	  research	  on	   the	  artifacts	   from	  the	   Dominican	   Republic	   has	   mainly	   focused	   on	   specific	   potentially	   foreign	  materials	   (e.g.	   jadeitite)	  and	  neglects	   those	  of	  more	   local	  or	   “mundane”	  origin.	  That	   is	   where	   the	   research	   conducted	   for	   this	   thesis	   wishes	   to	   contribute	   by	  aiding	   in	   the	   characterization	   and	   provenance	   of	   these	   other,	   just	   as	   relevant,	  lithic	   materials.	   This	   will	   be	   done	   using	   several	   geological	   methods	   and	  techniques	   and	   a	   thorough	   investigation	   of	   geological	   literature	   to	   locate	  potential	   source	   areas	   and	   to	   help	   create	   a	   more	   concise	   summary	   of	   the	  complex	  geology	  and	  geography	  of	  the	  Dominican	  Republic	  and	  the	  assortment	  of	  artifacts	  from	  the	  El	  Cabo	  assemblage.	  	  	  
1.1 	  AIMS	  AND	  RESEARCH	  QUESTIONS	  Although	   several	   researchers	   (Boomert,	   2000;	   Boomert	   and	   Cassandra	   2007;	  Knippenberg	   2006;	   Knippenberg	   and	   Zijlstra	   2008;	   Rodriguez-­‐Ramos	   2010;	  García-­‐Casco	  et	  al.	  2008;	  2013)	  have	  more	  recently	  undertaken	  the	  challenge	  to	  help	  rectify	  the	  situation	  there	  is	  still	  a	  void	  that	  needs	  to	  be	  filled	  with	  regards	  to	  the	  provenance	  of	  lithic	  raw	  materials	  in	  the	  insular-­‐Caribbean.	  The	  only	  way	  to	   help	   fill	   this	   gap	   is	   to	   conduct	  more	   research	   on	   a	   greater	   variety	   of	   stone	  materials	  recovered	  from	  archaeological	  contexts.	  The	  aim	  of	  thesis	  is	  to	  do	  just	  that	  beginning	  with	  the	  various	  greenstone	  axes/adzes	  that	  have	  been	  recovered	  from	  the	  Late	  Ceramic	  Age	  site	  of	  El	  Cabo	  located	  in	  the	  southeastern	  Dominican	  Republic	  (AD	  800-­‐1504).	  The	  artifacts	  that	  were	  presumed	  to	  be	   jadeitite	  have	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already	  been	  analyzed	  from	  this	  assemblage	  so	  the	  bulk	  focus	  of	  this	  research	  is	  upon	  the	  other	  greenstone	  axe/adze	  heads.	  While	  the	  focus	  on	  these,	  potentially,	  jadeitite	   artifacts	   could	   have	   interesting	   implications	   when	   trying	   to	   identify	  inter-­‐island	   mobility	   and	   exchange2	  it	   potentially	   ignores	   the	   modes	   of	   intra-­‐island	   networks,	   interactions,	   mobility	   and	   exchange	   that	   was	   also	   occurring	  between	  the	  indigenous	  inhabitants	  of	  El	  Cabo.	  In	  fact,	  as	  seen	  by	  Knippenberg’s	  (2006)	   research,	   studying	   several	   lithic	   materials	   in	   the	   Lesser	   Antilles	  including:	   calci-­‐rudite	   threepointers,	   St.	   Martin	   greenstone	   and	   a	   variety	   of	  Antiguan	  flint,	  sometimes	  these	  more	  local	  non-­‐exotic	  materials	  can	  experience	  a	  relatively	  large	  distribution	  area.	  This	  is	  where	  the	  research	  conducted	  for	  this	  thesis	  comes	   in	  because	  not	  only	  will	   it	  be	  beneficial	   in	  helping	  to	   locate	   these	  intra-­‐island	  interactions	  and	  mobility	  but	  also	  it	  still	  leaves	  open	  the	  possibility	  to	  discover	   inter-­‐island	  interactions	  with	  the	  discovery	  of	  stone	  materials	  non-­‐local	   to	   the	   island.	   	   In	   addition	   to	   this,	   the	   research	   being	   conducted	   will	  contribute	   to	   increasing	   the	   archaeological	   and	   geological	   knowledge	   of	   this	  region.	   The	   information	   gathered	  will	   also	   be	   beneficial	   for	   future	   research	   in	  this	  area	  to	  locate	  geological	  sources	  of	  similar	  materials.	  	  The	  goals	  and	  research	  questions	  of	  this	  thesis	  are	  threefold:	  1)	  To	  identify	  and	  characterize	  the	  petrological	  composition	  of	  the	  stone	  materials	  
used	   to	   create	   the	   ground-­‐edge	   artifacts	   that	   were	   excavated	   from	   the	   Late	  
Ceramic	  Age	  site	  of	  El	  Cabo,	  Dominican	  Republic;	  	  2)	   The	   data	   collected	   for	   the	   above	   goal	   will	   then	   be	   used	   to	   locate	   probable	  
locations	  for	  the	  stone	  materials’	  primary	  and	  secondary	  sources;	  and	  	  3)	   To	   combine	   this	   data	   with	   other	   information	   collected	   from	   geological,	  
archaeological,	  ethnographic	  and	  ethnohistoric	  sources	  to	  attempt	  to	  answer	  the	  
question:	  why	  were	   these	   particular	  materials	   the	   ones	   that	  were	   selected	   to	   be	  
manufactured	   into	   these	   artifacts	   (reasons	   such	   as:	   proximity	   of	   the	   site	   to	   raw	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  2	  This	  is	  the	  case	  because	  currently	  the	  nearest	  known	  jadeitite	  sources	  can	  be	  found	  in	  Guatemala	  or	  BLANK	  with	  another	  possible	  source	  being	  recently	  located	  on	  Cuba	  (Rodriguez-­‐Ramos	  2010	  	  I	  THINK	  DOUBLE	  CHECK	  THIS!!!)	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stone	   material	   sources,	   cosmology	   behind	   uses	   of	   these	   materials,	   exotic	  
procurement,	  et	  cetera)?	  	  
1.2	  METHODOLOGY	  	  A	   majority	   of	   the	   methodology	   for	   this	   thesis	   has	   been	   conducted	   using	  geological	   methods	   and	   equipment.	   The	   optical	   mineralogical	   research	   was	  carried	  out	  at	  facilities	  located	  in	  Leiden	  University’s	  ceramic	  lab	  and	  the	  Faculty	  of	  Earth	  and	  Life	  Sciences,	  Vrije	  Universiteit	   (the	  VU)	   in	  Amsterdam,	  using	   the	  petrographic	  microscopes	  available	  in	  these	  locations.	  In	  addition	  to	  this,	  there	  has	  been	  further	  cooperation	  with	  Vrije	  Universiteit	  that	  allowed	  the	  researcher	  to	  create	  the	  thin	  section	  slides	  of	  these	  materials	  that	  would	  be	  used	  for	  these	  analyses.	  Time	  was	  then	  scheduled	  for	  the	  use	  of	  the	  electron	  microprobe	  that	  is	  currently	  located	  at	  the	  VU’s	  facilities.	  These	  methods	  will	  be	  elaborated	  upon	  in	  greater	  detail	  in	  Chapter	  3	  and	  the	  results	  will	  be	  presented	  in	  Chapter	  4.	  With	   regards	   to	   the	   3rd	   research	   goal,	   the	   answer	   to	   this	   question	   case	  studies	   from	   ethnographic,	   archaeological,	   geological,	   ethnohistoric	   and	  anthropological	   sources.	   This	   research	   will	   be	   combined	   with	   the	   data	   and	  interpretations	  of	  the	  geological	  research	  portions	  that	  was	  used	  to	  characterize	  these	   stone	   materials.	   Locating	   the	   sources	   of	   these	   materials	   can	   be	  substantially	  beneficial	  in	  establish	  past	  mobility,	  to	  procure	  these	  materials,	  or	  past	   networks	   of	   exchange.	   This	   will	   also	   allow	   for	   some	   speculation	   on	  why	  these	  materials	  were	  the	  ones	  selected.	  	  	  
1.3	  GUIDING	  PREMISES	  	  These	   materials	   were	   selected	   in	   part	   due	   to	   the	   past	   research	   of	   this	  archaeological	  assemblage	  that	  focused	  solely	  on	  the	  samples	  from	  El	  Cabo	  that	  appeared	   to	   be	   characteristically	   jadeitite.	   Until	   recently	   it	   was	   thought	   that	  these	   jadeitite	   materials	   were	   exotics	   or	   non-­‐local	   and	   could	   show	   exchange	  with	  the	  mainland	  (sites	  in	  Guatemala)	  but	  this	  is	  currently	  less	  likely	  of	  a	  case	  since	   new	   sources	   of	   jadeitite	   have	   been	   located	   on	   Cuba	   and	   the	   Dominican	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Republic	   (Schetl	  et	  al.	   2007,	  Baese	  et	  al.	   2007;	  Garcia	   et	   al.	   2008;	  Garcia	  et	  al.	  2013;	  Knippenberg	  et	  al.	  unpublished	  presentation).	  This	  focus	  on	  jadeitite	  has	  been	   to	   source	   these	  materials	   in	   an	   attempt	   to	   approve	   or	   disapprove	   intra-­‐island	   exchange	  with	   other	   islands	   or	   the	  mainland,	   although	   now	   it	   seems	   it	  could	  also	   show	   inter-­‐island	  exchange.	  On	   the	  other	  hand,	  with	   this	   study	  of	  a	  more	  diverse	  assortment	  of	  stone	  materials	  from	  the	  site	  of	  El	  Cabo	  allows	  for	  a	  greater	   nuancing	   of	   the	   understanding	   of	   both	   inter-­‐	   and	   intra-­‐island	  procurement	   and	   exchange	   for	   at	   least	   the	   site	   of	   El	   Cabo	   on	   the	   Dominican	  Republic.	   Also,	   although	   it	   is	   not	   more	   confirmed	   than	   just	   macroscopic	  observations,	  certain	  materials	   from	  the	  El	  Cabo	  assemblage	  seem	  to	  resemble	  stone	   artifacts	   from	   not	   only	   the	   northwestern	   Dominican	   Republic	   but	   other	  characteristically	   similar	   materials	   have	   also	   been	   observed	   on	   other	   islands	  including	   Sint	   Eustatius	   in	   the	   Lesser	   Antilles	   (both	   of	   these	   examples	   were	  personally	  observed	  during	  field	  work).	  Although	  these	  similar	  appearing	  stone	  materials	  have	  not	  been	  positively	  identified,	  it	  allows	  for	  the	  reader	  to	  see	  how	  this	  research	  could	  act	  as	  one	  of	  the	  first	  steps	  for	  opening	  up	  more	  possibilities	  for	  identifying	  other	  interactions	  during	  future	  research.	  	  	   1.3.1	  Issues	  with	  terminology:	  “Greenstone”	  The	  term	  “greenstone”	  is	  one	  that	  can	  be	  found	  used	  in	  both	  archaeological	  and	  geological	   contexts	   and	   is	   usually	   believed	   to	   apply	   to	   particular	   and	  characteristic	  materials.	   Although	   this	   is	   the	   case	   there	  does	  not	   seem	   to	   be	   a	  firm	   consensus	   on	   what	   exactly	   the	   characteristics	   of	   these	   materials	   are	  between	  these	  two	  disciplines.	  This	  sometimes	  even	  occurs	  within	  the	  discipline	  as	   well,	   such	   as	   the	   case	   with	   archaeology.	  With	   regards	   to	   geology	   the	   term	  “greenstone”	   is	  most	   often	   applied	   to	   rocks	   that	   formed	   in	   greenschists-­‐facies	  metamorphic	   conditions,	   although	   the	   term	   is	   sometimes	   applied	   to	   rocks	   of	  other	   origins	   (Mottana	   et	   al.	   1978).	   The	   greenschist	   term	   is	   applied	   to	  metamorphic	   or	   altered	   mafic	   volcanic	   rock,	   which	   usually	   form	   under	   the	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lowest	   temperatures3	  and	  pressures4	  possible	   for	   regional	  metamorphism,	   that	  display	   the	  mineralogical	  assemblage	  of	   this	   facies	   (Mottana	  et	  al.	  1978;	  Nesse	  2004).	  With	  regards	  to	  archaeology	  the	  “greenstone”	  term	  is	  usually	  applied	  to	  minerals	   and	  metamorphosed	   igneous	   rocks	   and	   stones	   of	   a	   distant	   greenish	  color	  or	  hue	  that	  may	  vaguely	  be	  from	  a	  metamorphic	  background.	  Often	  enough	  this	  is	  true	  but	  describing	  exactly	  what	  color	  or	  hue	  these	  “greenstone”	  materials	  possess	  is	  not	  so	  simple.	  Possible	  colors	  for	  these	  materials	  range	  from	  so	  pale	  green	  they	  are	  almost	  white	  all	  the	  way	  to	  examples	  that	  are	  so	  dark	  green	  that	  they	   appear	   almost,	   if	   not	   completely,	   black.	  Also,	   these	  materials	  may	   exhibit	  different	  colors	  or	  have	  inclusions	  and	  grains	  that	  are	  not	  green	  and	  range	  from	  fine-­‐grained	  to	  relatively	  coarse-­‐grained	  in	  size.	  This	  relative	  ambiguity	  of	  even	  a	   defining	   color	   characteristic	   shows	   issues	   that	   may	   arise	   with	   including	  materials	   that	   range	   across	   an	   entire	   spectrum	   of	   colors	   into	   one	   group,	  especially	  for	  provenance	  studies.	  Researchers	  in	  the	  past	  have	  argued	  that	  this	  range	   in	   the	   spectrum	   of	   green	   hued	   materials	   is	   not	   relevant	   because	   these	  “greenstone”	  materials	  were	  often	  used	  interchangeably	  by	  past	  societies.	  With	  this	   said,	   an	   ethnographic	   case	   study	   needs	   to	   be	   presented	   from	   Burton’s	  (1984)	   research	   in	   Papua	   New	   Guinea.	   In	   this	   research,	   Burton	   describes	   an	  indigenous	  rock	  quarry	  that	  contained	  over	  20	  different	  rock	  types	  in	  a	  2-­‐meter	  tall	  outcrop.	  Burton	  explains	  that	  the	  indigenous	  people	  of	  this	  area	  had	  just	  as	  many	   names	   for	   these	   different	   materials,	   of	   which	   he	   could	   not	   discern	   the	  characteristic	  differences	   in	  most	  cases,	  and	   the	   indigenous	  people	  would	  only	  quarry	   certain	   portions	   from	   this	   outcrop.	   Also,	   archaeological	   research	  conducted	   by	   Boomert	   and	   Rodgers	   (2007),	   of	   sites	   in	   Tobago,	   lead	   the	  researchers	  to	  describe	  the	  indigenous	  peoples	  of	  this	  area	  as	  “good	  geologists”	  because	   they	   knew	   exactly	   what	   they	   were	   selecting	   when	   it	   came	   to	   lithic	  materials.	  Both	  of	  these	  case	  studies	  seem	  to	  show	  that	  this	  interchangeable	  use	  was	  not	  always	  the	  case,	  at	   least	   in	  Papua	  New	  Guinea	  and	  the	  northern	  costal	  islands	  of	  South	  America.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  3	  300-­‐450	  °	  Celsius	  (570-­‐840°	  Fahrenheit)	  (Mottana	  et	  al.	  1978)	  4	  1-­‐4	  Kilobars	  (14,500	  to	  58,000	  psi)	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   Looking	   at	   this	   term	   again	   from	   a	   geological	   perspective	   also	   adds	  confusion	   to	   the	   situation.	   As	   already	   mentioned,	   in	   geology	   the	   term	  “greenstone”	   is	   mostly	   attributed	   to	   stones	   that	   experienced	   metamorphic	  greenschist-­‐facies	   conditions	   and	   are	   altered	   to	   contain	   the	   mineralogical	  assemblage	  characteristic	  of	   this	   facies	   (Mottana	  et	  al.	  1978;	  Nesse	  2004).	  The	  “green”	  portion	  of	   the	  name	   is	   in	   reference	   to	   the	  abundance	  of	   green	  colored	  minerals	   that	   usually	   constitute	   these	   stones	   including	   chlorite,	   serpentine,	  epidote	   and	   sometimes	   actinolite.	  Other	  platy	  minerals	   such	   as	  muscovite	   and	  platy	  serpentine	  causes	  these	  materials	  to	  split	   into	  what	  is	  known	  as	  having	  a	  schistose	   texture	   and	   having	   this	   or	   other	   foliation	   of	   the	   layering	   of	   the	   rock	  that	  is	  essential	  to	  the	  greenschist	  definition	  of	  this	  facies	  of	  stone	  (Mottana	  et	  al.	  1978).	  This	   is	  not	   the	  case	   in	  archaeology	  since	   the	   term	  “greenstone”	   is	  often	  also	  applied	  to	  non-­‐greenschist	  facies	  materials.	  One	  of	  the	  best	  examples	  of	  this	  is	  the	  “greenstone”	  material	  jadeitite,	  which	  is	  actually	  formed	  due	  to	  blueschist-­‐facies	   conditions	   and	   entails	   different	   formation	   conditions	   (i.e.	   high-­‐pressure/low-­‐temperature)	   and	   a	   different	   assemblage	   of	   minerals	   (e.g.	  glaucophane	   and	   lawsonite,	   which	   often	   give	   these	   stones	   their	   characteristic	  bluish	  or	  purplish	  color).	  In	  addition	  to	  drifting	  from	  the	  metamorphic	  origin	  of	  these	  materials,	   the	   term	   “greenstone”	   has	   also	   been	   used	   on	   other	  materials	  that	   are	   not	  metamorphic	   in	   origin	   at	   all	   and	   has	   been	   applied	   to	   stones	   and	  artifacts	   from	  sedimentary	  and	  volcanic	  origins.	  Although	  these	  stones	  are	  still	  most	   typically	  a	  variety	  of	  greenish	  color	   this	   situation	  shows	   just	  how	  simply	  lumping	   these	  materials	   as	   “greenstone”	   could	   lead	   to	  misidentification.	  While	  using	   this	   term	   interchangeably	   for	   different	  materials	   is	   not	   exactly	   harmful,	  and	  has	  academic	  merit;	  its	  use	  as	  this	  all-­‐encompassing	  “umbrella”	  term	  could	  cause	  some	  issues	  when	  archaeologists	  communicate	  with	  geologists.	  This	  may	  lead	   to	  miscommunication	   between	   the	   two	  disciplines	   and	   to	   assumptions	   of	  used	   terminology	   that	  may	   actually	   not	   be	   representative.	   This	   situation	  with	  terminology	   will	   need	   extra	   attention	   in	   the	   future	   with	   the	   increasing	  multidisciplinary	   and	   transdisciplinary	   studies	   that	   are	   becoming	   more	   the	  norm	  in	  academic	  endeavors.	  This	  researcher	  will	  not	  try	  to	  provide	  a	  new	  term	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since	  this	  would	  be	   just	  as	  generalizing	  as	  “greenstone”	  but	  this	   issue	  needs	  to	  be	  addressed	  and	  establishing	  well	  defined	  rock	  names	  for	  these	  materials	  can	  be	   extremely	   beneficial.	   Especially	   for	   locating	   likely	   provenances	   of	   these	  materials	   and	   helps	   to	   trace	   the	   exchange	   networks	   and	   procurement	   of	   past	  Amerindian	  groups.	  	  	   1.3.2	  Issues	  with	  artifact	  terminology	  This	   researcher	   also	   has	   some	   issues	  with	   using	   other	   generalizing	   terms	   like	  “axe,”	   “adzes,”	   or	   “celts”	   when	   referring	   to	   these	   ground-­‐edge	   artifacts.	   These	  terms	   are	   classifications	   that	   have	   been	   created	   by	   archaeologists	   that	   give	   a	  fixed	  and	  Western-­‐centric	  view	  of	  modern	  axe	  and	  adze	  tools	  and	  how	  they	  were	  used	  or	  viewed	  by	  past	  groups.	  As	  ethnographic	  and	  ethnohistory	  from	  lowland	  South	   America,	   Indonesia,	   and	   Oceania	   have	   described,	   these	   tools	   seemed	   to	  have	   often	   served	   as	   a	   multifunctional	   tool	   that	   in	   some	   cases	   could	   even	   be	  changed	   from	   an	   axe	   to	   an	   adze	   with	   just	   a	   change	   of	   the	   hafting	   technique	  (Burton	   1984;	   Pétrequin	   and	   Pétrequin	   1993;	   Roth	   1924;	   1929).	   Also,	  ethnographic	   reports	   from	   lowland	   South	   America	   show	   that	   these	   tools	   not	  only	  served	  as	  the	  above-­‐mentioned	  axe	  and	  adzes	  but	  were	  also	  observed	  being	  implemented	   in	   other	   multifunctional	   uses	   such	   as	   scrapers	   or	   wedges	   (Roth	  1924;	   1929).	   These	   stone	   artifacts	   have	   been	   documented	   as	   serving	   as	  utilitarian	  tools	  and	  also	  sometimes	  serving	  —not	  always	  simultaneously	  —	  as	  ceremonial	   or	   ritual	   objects	  with	   the	   latter	   of	   examples	   obviously	   not	   exist	   in	  modern	  contemporary	  western	  societies.	  In	  the	  El	  Cabo	  artifact	  assemblage	  there	  is	  a	  rather	  obvious	  variation	  on	  the	   many	   different	   shapes	   and	   sizes	   of	   this	   type	   of	   artifact	   that	   also	   have	  different	  angles	  of	  their	  bit	  (edge).	  This	  seems	  to	  imply	  that	  these	  artifacts	  might	  not	  have	  all	  served	  the	  same	  functional	  use.	  This	  is	  an	  excellent	  example	  of	  why	  these	   all	   identifying	   terms	   should	   not	   be	   used	   because	   this	   variation	   in	   the	  angles	  on	  these	  artifacts	  shows	  that	  some	  are	  possibly	  adzes	  while	  others	  could	  be	  more	  implemented	  for	  wedging	  or	  use	  as	  an	  axe.	  Again,	  a	  new	  term	  will	  not	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be	   given	   by	   this	   researcher	   for	   these	   multifunctional	   tools	   but	   labeling	   these	  tools	   as	   simply	   axes	   or	   adzes	   doesn’t	   always	   tell	   the	   whole	   story.	   For	   these	  reasons	   this	   thesis	   will	   refer	   to	   these	   tools	   as	   “ground-­‐edge	   artifacts”	   or	  “ground-­‐edge	  tools”	  from	  here	  on.	  	  
1.4	  HISTORY	  OF	  CARIBBEAN	  ARCHAEOLOGY	  AND	  CHRONOLOGY	  
1.4.1	  History	  of	  Caribbean	  Archaeology	  Although	   the	   last	   few	   decades	   have	   experienced	   a	   change,	   the	   history	   of	  Caribbean	  archaeology	  has	  been	  traditionally	  dominated	  by	  research	  strategies	  that	   utilized	   a	   cultural-­‐historic	   approach.	   Professor	   Irving	   Rouse	   was	   the	  original	   researcher	   to	   implement	   this	   approach,	   beginning	   in	   the	   late	   1930s,	  when	   he	   set	   out	   to	   conduct	   scores	   of	   small-­‐scale	   excavations	   on	  many	   of	   the	  various	   islands	   of	   the	   Caribbean	   and	   the	   northern	  mainland	   of	   South	  America	  (Rouse	  1939;	  1948;	  1992).	  The	  primary	  focus	  of	  Rouse’s	  extensive	  research	  was	  dedicated	  to	  discovering	  and	  classifying	  the	  ceramic	  typologies	  of	  this	  region;	  he	  achieved	   this	   by	   separating	   the	   various	   archaeological	   complexes	   that	   he	   and	  others	  encountered	  into	  different	  series,	  subseries	  and	  styles	  based	  on	  observed	  similarities	  and	  differences	  (Rouse	  1992).	  The	  cumulated	  data	  obtained	  during	  this	   research	   eventually	   resulted	   in	   Rouse’s	   creation	   of	   a	   chronological	  framework	   for	   the	   entirety	   of	   the	   Caribbean.	   Although	   innovative	   for	   its	   time,	  this	  chronology	  has	  more	  recently	  been	  criticized	  for	  having	  too	  much	  of	  a	  “pots-­‐as-­‐people”	   approach	   meaning	   similarities	   in	   material	   cultures	   do	   not	  automatically	   indicate	   cultural	   similarities,	   and	  vice	   versa;	   this	   framework	  has	  also	  been	   rather	  unaccommodating	   to	  newer	   research	   that	  has	  been	   revealing	  the	   increasingly	   dynamic	   past	   of	   this	   region	   (Oliver	   2009,	   7-­‐12;	   Rodríguez	  Ramos	  2011;	  Rodríguez	  Ramos	  et	  al.	  2010).	  Rouse	  continued	  to	  work	  for	  many	  years	  refining	  the	  chronological	   framework	  that	  he	  constructed,	  only	  ceasing	  a	  few	  years	  before	  his	  death	  (Rouse	  1992;	  Rouse	  and	  Morse	  1999).	  	   The	   last	   couple	   of	   decades	   have	   seen	   a	   departure	   from	   this	   once	  dominate	   focus	   for	   Caribbean	   archaeology,	   with	   researchers	   instead	   focusing	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their	   sights	   on	   research	   dedicated	   to	   understanding	   the	   social-­‐political	  organization	   of	   past	   Amerindian	   societies	   and	   the	   networks	   of	   mobility	   and	  exchange	  that	  once	  existed	  in	  the	  Caribbean	  (e.g.	  Crock	  2000;	  Crock	  et	  al.	  2008;	  Curet	   2005;	   Curet	   and	   Oliver	   1998;	   Curet	   and	   Stringer	   2010;	   Delpuech	   and	  Hofman	   2004;	   Haviser	   1991;	   Hofman	   et	   al.	   2007a;	   Hofman	   et	   al.	   2011a;	  Hoogland	   et	   al.	   2010;	   Keegan	   2009;	   Knippenberg	   2006;	   Laffoon	   and	   de	   Vos	  2011;	   Mol	   2013;	   Plomp	   2013;	   Rodríguez	   Ramos	   2011;	   Siegel	   2010).	   The	  research	  conducted	  for	  this	  thesis	  falls	  into	  the	  latter	  category	  due	  to	  its	  focus	  on	  provenance	   studies	   of	   lithic	  material	   sources	   for	   the	   utilitarian	   and	   culturally	  significant	   (and	   often	   a	   blending	   of	   the	   two)	   ground-­‐edge	   artifacts	   of	   El	   Cabo.	  These	  provenance	  studies	  have	  proven	  to	  be	  exceptionally	  useful	  for	  identifying	  these	   networks	   of	   mobility	   and	   exchange,	   as	   other	   research	   has	   shown	  (Knippenberg	  2006).	  
	  
1.4.2	  Chronology	  Due	  to	  the	  complexity	  of	  the	  Rousian	  chronological	  framework	  and	  this	  model’s	  relative	   inapplicability	  to	  the	  research	  conducted	  for	  this	  thesis,	   this	  study	  will	  instead	   use	   a	   newer	   model	   developed	   by	   several	   researchers	   (Keegan	   1994,	  2000;	   Hofman	   1993,	   28;	   Hofman	   et	   al.	   2007a;	   Peterson	   et	   al.	   2004).	   This	  chronology	  divides	   the	  pre-­‐Columbian	  period	   into	   the	  Preceramic	  Age	  and	   the	  Ceramic	  Age.	  The	  earlier	  Age	  will	  not	  be	  covered	  in	  the	  scope	  of	  this	  study	  but	  marked	  the	  arrival	  of	   the	   first	  occupants	  of	  nomadic	   foragers	   to	   the	  Caribbean	  island,	   roughly	   occurring	   between	   6000	   -­‐	   500	   BC	   (Keegan	   1994;	   Rouse	   1992;	  Wilson	   2007).	   The	   Preceramic	   age	   ends	   with	   the	   early	   phase	   of	   the	   Early	  Ceramic	   Age	   (400	   BC	   –	   AD	   400)	   that	   marked	   the	   arrival	   of	   the	   first	  horticulturalists	   from	   South	   America	   into	   the	   Antilles.	   Coexistence	   between	  Cedrosan,	  Saladoid	  and	  Huecoid	  series	  also	  took	  place	  during	  this	  time.	  Next	  in	  sequence	  is	  the	  late	  phase	  of	  the	  Early	  Ceramic	  Age	  (AD	  400	  –	  600/800),	  which	  was	   also	   the	   later	   phase	   of	   the	   Cedrosan	   Saladoid	   series	   and	   marked	   the	  appearance	  of	  the	  first	  post-­‐Saladoid	  series.	  Following	  is	  the	  early	  phase	  of	  the	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Late	   Ceramic	   Age	   (AD	   600/800-­‐1200),	   which	   was	   marked	   by	   the	   decline	   of	  Saladoid	  ceramic	   features	  and	  an	   increase	   in	   the	  development	  of	   local	  ceramic	  traditions,	   including	   the	   Ostionoid	   in	   Puerto	   Rico	   and	   eastern	   Hispaniola	  (Hofman	  1993).	  And	   finally,	   the	   late	  phase	  of	   the	  Late	  Ceramic	  Age	   (AD	  1200-­‐1492)	   that	   was	   marked	   by	   the	   reappearance	   of	   more	   elaborately	   decorated	  pottery	  and	  witnessed	  the	  full	  development	  of	  chiefdoms.	  Also,	  this	  later	  phase	  of	   the	  Late	  Ceramic	  Age	  saw	  the	  development	  of	   the	  Chicoid	  series;	   this	  series	  has	  long	  been	  associated	  with	  the	  so-­‐called	  Taíno,	  the	  ethnohistoric	  inhabitants	  of	  Hispaniola	  and	  the	  rest	  of	  the	  Greater	  Antilles	  (Rouse	  1992).	  	  With	   El	   Cabo’s	   lengthy	   occupation	   stretching	   from	  AD	  800-­‐1504	   it	  was	  situated	   squarely	   in	   the	   entirety	   of	   the	  Late	  Ceramic	  Age	   that	   continued	   to	   be	  occupied	   into	   the	   early	   years	   of	   post-­‐Contact.	   Therefore,	   for	   at	   least	   the	   later	  part	   of	   its	   occupation	   the	   inhabitants	   of	   El	   Cabo	   were	   most	   likely	   operating	  within	  the	  eastern	  Higüey	  chiefdom	  that	  was	  documented	  during	  the	  early	  years	  of	  European	  exploration	  (Samson	  2010,	  94-­‐97).	  	  
1.4.3	  Archaeology	  of	  Eastern	  Dominican	  Republic	  and	  El	  Cabo	  The	   archaeological	   site	   of	   El	   Cabo	   is	   found	   in	   the	   Southeastern	   portion	   of	   the	  Higüey	   region	   of	   the	   eastern	   Dominican	   Republic,	   just	   meters	   away	   from	   the	  coast	   and	   located	   in	   one	   of	   the	   highest	   points	   in	   this	   low	   coastal	   landscape	  (about	  7	  meters	  above	  sea	  level)	  next	  to	  the	  Caribbean	  Sea	  (Map;	  Samson	  2010,	  70).	  This	  eastern	  peninsula	  of	  the	  Dominican	  Republic	  has	  been	  one	  of	  the	  most	  archaeologically	  researched	  regions	  of	   the	  entirety	  of	  Hispaniola.	  However,	   the	  site	   of	   El	   Cabo	   has	   been	   somewhat	   of	   an	   exception	   to	   this	   with	   only	   several	  small-­‐scale	   excavations	   conducted	   over	   the	   years.	   Besides	   these	   excavations	  both	   anecdotal	   and	   physical	   evidence	   indicate	   that	   the	   site	   has	   experienced	  many	  years	  of	   looting	  by	  both	  tourists	  and	  locals,	  with	  over	  two-­‐dozen	  looters’	  pits	   in	   the	   area	   (Samson	   2010,	   97).	   In	   the	   late	   1970s	   El	   Cabo	   gained	   the	  attention	  of	  the	  Museo	  del	  Hombre	  and	  museum	  researchers	  Elpidio	  Ortega	  and	  the	  museum’s	   former	  director,	  Bernardo	  Vega,	  were	   sent	   to	   investigate.	  These	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researchers,	   in	   collaboration	   with	   local	   field	   workers	   from	   El	   Cabo	   village,	  conducted	  a	  rather	  small-­‐scale	  excavation	  with	  only	  two	  test-­‐pits	  dug	  (Samson	  2010,	  98-­‐99).	  El	  Cabo	  did	  not	  receive	  any	  more	  institutional	  attention	  until	  over	  25	  years	   later,	  when	   it	  was	   again	   identified	   in	   a	   field	   survey.	  This	   rediscovery	  was	   a	   part	   of	   the	   Carmelo	   and	   Juanillo	   Projects	   conducted	   by	   Harold	   Olsen	  Bogaert	  of	  Museum	  del	  Hombre.	  This	  time	  only	  surface	  surveys	  were	  conducted	  without	   excavations	   of	   any	   kind	   (Samson	   2010,	   99-­‐102).	   The	   surface	   surveys	  and	  minor	  excavations	  conducted	  during	   the	  past	   fieldwork	  of	  El	  Cabo	  did	  not	  manage	  to	  obtain	  radiocarbon	  dates	  but	  were	  able	  to	  identify	  the	  relative	  age	  of	  this	   site	  by	   the	  presence	  of	  both	  early	   (Ostionoid)	  and	   late	   (Chicoid)	  ceramics,	  with	   a	   lack	   of	   European	   materials,	   that	   seemed	   to	   indicate	   that	   this	   site	   was	  experiencing	  activity	  at	   least	   throughout	   the	  Ceramic	  Age,	   and	  especially	   so	   in	  the	  Chicoid	  period.	  (Ortega	  1978;	  Samson	  2010,	  102).	  	  After	   several	   more	   years	   of	   inactivity,	   the	   site	   of	   El	   Cabo	   received	  archaeological	  attention	  again	  in	  the	  years	  from	  2005	  to	  2008	  when	  a	  team	  from	  Leiden	  University,	  again	  working	  in	  collaboration	  with	  villagers	  from	  modern	  El	  Cabo,	   began	   conducting	   fieldwork	   in	   this	   area.	   This	   project	   was	   carried	   out	  under	   the	   direction	   of	   Dr.	   Menno	   Hoogland	   and	   Professor	   Corinne	   Hofman	  (Leiden	  University)	   in	   collaboration	  with	   the	  Museo	  del	  Hombre	  Dominicano.	   It	  was	  determined,	  even	  taking	   into	  account	   the	  earlier	  research	  and	   looting	  that	  has	  occurred	  at	  this	  site	  over	  the	  years,	  that	  El	  Cabo	  was	  still	  in	  rather	  good	  state	  of	  preservation	  and	  relatively	  undisturbed	  (Samson	  2010,	  86).	  Large	  unit	  were	  excavated	  in	  an	  attempt	  to	  recover	  features,	  houses,	  burials	  and	  et	  cetera	  while	  smaller	  units	  were	  excavated	  in	  order	  to	  verify	  the	  stratigraphy	  and	  chronology	  of	  past	   research	   (Samson	  2010,	  107).	  During	   this	   fieldwork	   radiocarbon	  dates	  were	   obtained	   that	   confirmed	   the	   relative	   dating	   determined	   during	   earlier	  investigations	  and	  firmly	  established	  El	  Cabo	  as	  a	  Late	  Ceramic	  Age	  site	  that	  was	  active	  during	  AD	  800-­‐1504	  (Samson	  2010).	  The	  ceramic	  sequences	  and	  activity	  of	   this	   site	   has	   recently	   been	   summarized	   as	   follows:	   an	   early	   Ostionoid	   (AD	  600-­‐900),	  a	  late	  Ostionoid	  (AD	  900-­‐1200)	  and	  finally	  a	  Chicoid	  phase	  (AD	  1200-­‐1500)	  (Hofman	  et	  al.	  2007b:	  Table	  3).	  In	  addition	  to	  this	  it	  has	  been	  speculated	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that	   due	   to	   El	   Cabo’s	   relatively	   high	   elevation	   in	   the	   landscape	   and	   its	   lack	   of	  direct	   or	   easy	   access	   to	   the	   sea	   that	   the	   settlement	   location	  may	   be	   partially	  explained	  in	  terms	  of	  its	  position	  in	  a	  network	  of	  coastal	  settlements,	  including	  sites	   in	   the	   hinterland	   of	   the	   coastal	   segment,	   instead	   of	   existing	   as	   an	   access	  point	  for	  marine	  resources	  (Samson	  2010,	  104).	  El	  Cabo’s	  immediate	  neighbors	  were	  El	  Bartolo,	  less	  than	  4km	  inland	  on	  top	  of	  some	  cliffs,	  settlements	  at	  Yuma	  approximately	   15km	   to	   the	  west,	   and	   a	   likely	   settlement	   5km	   to	   the	   north	   at	  Caletón	   Blanco.	   These	   sites	   were	   apparently	   linked	   to	   each	   other	   via	   coastal	  routes	   and	   through	   access	   points	   found	   in	   the	   cliffs.	   (Samson	  2010,	   103).	   The	  location	   and	   existence	   of	   El	   Cabo	   as	   a	   coastal	   node	  most	   likely	   also	   placed	   El	  Cabo	   in	   the	   network	   that	   occurred	   over	   the	   Mona	   Passage	   with	   Puerto	   Rico	  (Samson	  2010).	  Although	  the	  Amerindian	  inhabitants	  of	  El	  Cabo,	  and	  the	  rest	  of	  the	  Higüey	  region,	  had	  over	  a	  decade	  to	  witness	  and	  prepare	  their	  response	  to	  the	   early	   portions	   of	   European	   colonization,	   the	   inhabitants	   experienced	   a	  reduction	   in	   numbers	   and	   resources	   and	   eventually	   suffered	   a	   social	   collapse	  due	  to	  sustained	  periods	  of	  warfare.	  (Samson	  2010,	  105-­‐106).	  	  The	  archaeological	  materials	  recovered	  from	  El	  Cabo	  included	  abundant	  fragments	   of	   griddles,	   Chicoid	   and	   Ostionoid	   ceramics	   (with	   Chicoid	   as	   the	  majority)	   and	   marine/terrestrial	   shells.	   Several	   human	   burials	   were	  encountered	   during	   the	   course	   of	   the	   fieldwork	   and	   other	   artifacts	   were	  collected	  on	  a	  smaller	  scale	  than	  those	  mentioned	  above	  (Samson	  2010).	  Some	  of	   the	   collected	   artifacts	   were	   brought	   back	   to	   Leiden	   University	   to	   undergo	  further	   analyses.	   Among	   these	   artifacts	   brought	   to	   Leiden	   University	   were	  several	   bags	   of	   “greenstone”	   ground-­‐edge	   artifacts	   that	  were	   the	   focus	   for	   the	  research	   of	   this	   thesis.	   A	   majority	   of	   these	   axes	   were	   in	   variably	   fragmented	  states	   and	   included	   several	   complete	   examples.	   These	   ground-­‐edge	   artifacts	  were	   separated	   from	   the	   general	   findings	   from	   El	   Cabo	   with	   apparently	   no	  debitage	   collected	   along	   with	   these	   ground-­‐edge	   tool	   fragments	   (Hofman	  personal	  communication	  2014).	  In	  addition	  to	  this,	  no	  debitage	  was	  encountered	  during	   the	   study	   conducted	   for	   this	   thesis	   either.	   These	   artifacts	   will	   be	  described	  in	  more	  detail	  in	  later	  chapters.	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1.5	  OUTLINE	  OF	  THESIS	  The	   introduction	   chapter	   to	   this	   thesis	  will	   present	   the	   aims	   and	   goals	   of	   this	  research.	   This	   is	   followed	   by	   a	   clarification	   of	   some	   terminology	   used	   in	   the	  thesis.	  Also,	  descriptions	  of	   the	  history	  of	  archaeology	   in	  the	   insular-­‐Caribbean	  and	   the	   site	   of	   El	   Cabo	  will	   be	  presented	   along	  with	   a	   brief	   description	  of	   the	  chronology	  used	  for	  this	  thesis.	  	   The	  second	  chapter	  will	  be	  provided	  as	  a	  brief	   introduction	  to	  the	  plate	  tectonics	  of	  the	  Caribbean	  Sea	  Tectonic	  Plate	  and	  the	  geology	  and	  geography	  of	  the	   circum-­‐Caribbean.	   The	   focus	   will	   then	   be	   zoomed	   in	   onto	   the	   Dominican	  Republic	   detailing	   the	   complex	   geology	   and	   geography	  of	   this	   island.	  This	  will	  entail	   the	   descriptions	   of	   certain	   portions	   of	   the	   north,	   central,	   and	   eastern	  Dominican	  Republic.	  This	  focus	  on	  geology	  is	  necessary	  with	  this	  thesis	  research	  topic	  and	  will	  be	  a	  reference	  for	  source	  locations	  of	  artifacts	  in	  future	  research.	  	   The	   third	   chapter	   will	   be	   a	   detailed	   description,	   elaborating	   from	   the	  introduction	   chapter,	   of	   the	  methodology	   of	   this	   study.	   This	   has	   been	   done	   to	  allow	  full	  transparency	  of	  the	  research	  that	  has	  been	  conducted	  for	  this	  thesis	  so	  that	   others	   can	   use	   and	   modify	   the	   methods	   and	   research	   strategies.	   This	  chapter	  will	   also	   give	   descriptions	   of	   the	  materials	   that	  were	   analyzed	   in	   this	  study	  and	  will	  discuss	  various	  archaeological	  and	  macroscopic	  geologic	  aspects	  and	  characteristics	  of	  these	  artifacts.	  	   The	   fourth	   chapter	   will	   present	   the	   results	   of	   the	   research	   methods	  presented	  in	  the	  previous	  chapter.	  Detailed	  petrological	  descriptions	  that	  were	  deduced	   during	   the	   study	   of	   the	   materials	   will	   be	   given	   in	   addition	   to	  identifiable	  rock	  names	  and	  possible	  source	  locations	  of	  these	  materials.	  	   The	   fifth	   chapter	   will	   be	   an	   ethnographic,	   ethnohistoric	   and	  archaeological	   reflection	   of	   case	   studies	   from	   spatially/temporally	   related	   and	  unrelated	  areas	  and	  will	  be	  a	  discussion	  of	  the	  rituals	  and	  practices	  that	  possibly	  occurred	   during	   lithic	   raw	   material	   procurement,	   manufacture	   and	   use.	   This	  chapter	  will	  be	  presented	  as	  more	  an	  introduction	  into	  this	  study	  area	  but	  is	  one	  that	  would	  be	  interesting	  to	  be	  continued	  in	  future	  research.	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   The	   sixth	   chapter	   will	   be	   the	   conclusion	   to	   this	   thesis	   and	   will	   reflect	  upon	  what	  has	  been	  discovered	  during	  this	  scientific	  investigation.	  The	  research	  objectives	  and	  goals	  will	   be	  discussed	   in	  addition	   to	   the	   conclusions	   that	  have	  been	   derived	   from	   this	   research.	   The	   thesis	   will	   conclude	   with	   a	   brief	  description	   for	   refinement	   to	   this	   thesis’	   method	   and	   a	   discussion	   of	   the	  implications	  for	  future	  research.	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2.	   Geography	  and	  Geology	  of	  the	  Caribbean	  and	  
the	  Dominican	  Republic	  
	  
	  This	   chapter	   is	   dedicated	   to	   describing	   the	   tectonic	   activities,	   geology	   and	  geography	   of	   this	   area.	   The	   first	   section	   will	   present	   an	   introduction	   to	   the	  Caribbean	   Tectonic	   Plate	   and	   plate	   boundaries.	   A	   description	  will	   be	   given	   of	  how	   these	   boundaries	   have	   interacted	   to	   form	   the	   complex	   geology	   of	   the	  circum-­‐Caribbean,	   including	   the	   formation	   of	   the	   metamorphic	   environments	  and	   outcrops	   of	   rock	   sources.	   The	   second	   section	   of	   this	   chapter	   will	   be	  dedicated	   to	   a	   detailed	   description	   of	   the	   geology	   and	   geography	   of	   the	  Dominican	  Republic	  with	   a	   necessary	   focus	   on	   the	  metamorphic	   complexes	   of	  located	  in	  the	  north	  and	  central	  portions	  of	  the	  island.	  In	  addition	  to	  discussing	  these	  metamorphic	  complexes	  the	  geology	  and	  geography	  of	  the	  eastern	  portion	  of	   the	   Dominican	   Republic	   will	   also	   be	   discussed.	   This	   has	   been	   done	   in	   the	  effort	  to	  build	  a	  better	  understanding	  of	  the	  geology	  of	  this	  area	  and	  to	  provide	  a	  reference	  with	  locations	  of	  possible	  rock	  sources	  for	  other	  materials	  uncovered	  during	  future	  excavations.	  	  
2.1	  THE	  CARRIBEAN	  TECTONIC	  PLATE	  AND	  PLATE	  BOUNDARIES	  The	  Caribbean	  Tectonic	  Plate	  is	  aptly	  named	  for	  the	  Caribbean	  Sea	  that	  covers	  a	  large	   portion	   of	   it	   and	   partially	   or	   entirely	   includes	   and	   encompasses	   several	  mainland	   Central	   American	   and	   insular-­‐Caribbean	   countries	   and	   islands.	   The	  Central	   American	  mainland	   countries	   occupy	   the	  western	   portion	   of	   the	   plate	  with	  the	  Caribbean	  Sea	  to	  the	  east	  and	  the	  Pacific	  Ocean	  to	  the	  west	  and	  include,	  at	   least	   portions,	   of	   all	   the	   Central	   American	   countries	   from	   Belize	   and	  Guatemala	   southward	   to	   Panama.	   The	   Caribbean	   island-­‐arc	   is	   geologically	  subdivided	   into	   the	  Great	  Antilles	   in	   the	  north,	   the	   Lesser	  Antilles	   to	   the	   east,	  and	  the	  islands	  off	  the	  coast	  of	  Venezuela	  and	  Columbia	  to	  the	  south;	  while	  these	  southern	   islands	   are	   geologically	   separate	   from	   the	   rest	   of	   the	   Lesser	   Antilles	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they	  are	  still	  geographically	   included	  with	   the	  Lesser	  Antilles	  (Escuder-­‐Viruete	  
et	   al.	   2010).	   The	   Greater	   Antilles	   includes	   Cuba,	   the	   Cayman	   Islands,	   Jamaica,	  Hispaniola	   (Haiti	   and	   Dominican	   Republic)	   and	   Puerto	   Rico	   that	   are	   largely	  composed	  of	  extinct	  Early	  Cretaceous	  to	  Paleogene	  volcanics	  (Escuder-­‐Viruete	  et	  
al.	   2010,	   169;	   Draper	   et	   al.	   1994).	   The	   Lesser	   Antilles	   is	   comprised	   of	  volcanically	   active	   islands	   extending	   from	   the	   Virgin	   Islands	   southward	   to	  Tobago	   and	   Trinidad	   and	   then	   curling	   back	   west	   again	   to	   the	   islands	   off	   the	  coast	   of	   Venezuela	   and	   Columbia	   (Escuder-­‐Viruete	   et	   al.	   2010;	   Draper	   et	   al.	  1994).	  The	   Caribbean	   Tectonic	   Plate	   is	   bordered	   to	   the	   north	   by	   the	   North	  American	  Plate,	  by	  the	  South	  American	  Plate	  to	  its	  east	  and	  south,	  and	  by	  both	  the	  Cocos	  and	  Nazca	  Plates	  along	  its	  west	  and	  southwestern	  boundaries	  (Figure	  1).	   Just	  off	   the	  western	  and	  southern	  coasts	  of	  Central	  America	  both	  the	  Cocos	  Plate	   and	   Nazca	   Plates,	   underlying	   portions	   of	   the	   Pacific	   Ocean,	   come	   into	  contact	   with	   the	   Caribbean	   Plate	   where	   both	   are	   subducted	   under	   Central	  America	   (Johnston	  and	  Thorkelson	  1997).	  The	   subduction	  zone	   that	   is	   formed	  between	   the	   Cocos	   and	   Caribbean	   Plates	   is	   the	   main	   geological	   activity	  responsible	   for	   the	   Central	   America	   Volcanic	   Arc	   that	   exists	   in	   Guatemala,	   El	  Salvador,	  Nicaragua	  and	  Costa	  Rica	  (Johnston	  and	  Thorkelson	  1997).	  Along	  the	  southern	   portion	   of	   the	   Caribbean	   Plate	   exists	   a	   series	   of	   complex	   geological	  interactions	   with	   the	   South	   American	   Plate.	   These	   include	   zones	   of	   thrust	  faulting,	   transform	   faulting,	   rifting,	   and	   some	   subduction	   that	   was	   developed	  throughout	   the	   Cenozoic	   (Pindell	   and	   Barrett	   1990,	   423).	   These	   geological	  activities	  helped	  to	  form	  Barbados,	  Trinidad,	  and	  Tobago	  and	  some	  of	  the	  other	  islands	  off	  the	  coast	  of	  Venezuela	  and	  Colombia.	  The	  Lesser	  Antilles	  is	  composed	  of	  two	  island	  arcs	  with	  the	  outer	  arc	  comprised	  of	  ancient	  coral	  reefs	  that	  have	  been	   tectonically	   raised	   above	   sea	   level	   and	   include	   the	   islands	   from	  Grenada	  northward	   to	   Grande-­‐Terre	   and	   includes	   portions	   of	   Antigua,	   Barbuda,	   and	  Anguilla.	  The	  inner	  island	  arc	  is	  volcanic	  in	  origin	  and	  mainly	  formed	  due	  to	  the	  Lesser	  Antilles	  Subduction	  Zone,	  where	  the	  eastern	  boundary	  of	   the	  Caribbean	  Plate	  comes	   into	  contact	  with	   the	  oceanic	  portion	  of	   the	  South	  American	  Plate	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(Pindell	   and	   Barrett	   1990,	   405;	  Wadge	   1994).	   The	   Lesser	   Antilles	   Subduction	  Zone	  exists	  with	  the	  South	  American	  Plate	  subducting	  under	  the	  Caribbean	  Plate	  that,	  during	  the	  late	  Tertiary	  and	  Quaternary	  periods,	  helped	  to	  form	  this	  inner	  volcanic	   island	   arc	   portion	   of	   the	   Lesser	   Antilles,	   including	   the	   islands	   off	   the	  coast	   of	  Venezuela	   in	   the	   south	   to	   the	  Virgin	   Islands	   in	   the	  north	   (Pindell	   and	  Barrett	  1990;	  Wadge	  1994).	  	  It	  is	  due	  to	  the	  sedimentary	  and	  volcanic	  origin	  of	  the	  Lesser	  Antilles	  that	  accounts	  for	  the	  absence	  of	  any	  local	  metamorphic	  rock	  sources	   to	  be	   found	  here	   (Knippenberg	  2006).	  The	  Caribbean	  Plate’s	  northern	  boundary	   zone	   with	   the	   North	   American	   Plate	   is	   a	   transform	   or	   strike-­‐slip	  boundary	   which	   forms	   the	   Motagua	   Fault	   in	   the	   border	   area	   of	   Belize,	  Guatemala,	  and	  runs	  through	  Honduras,	  through	  the	  Cayman	  Trough	  to	  Jamaica,	  Hispaniola,	   and	   Puerto	   Rico,	   and	   then	   to	   the	   northern	   Lesser	   Antilles.	   The	  Caribbean	  subduction–accretionary	  complex	  that	  resulted	  from	  the	  convergence	  and	  collision	  of	  the	  Caribbean	  island-­‐arc	  and	  the	  southern	  portion	  of	  the	  North	  America	   Plate	   was	   assembled	   during	   Mesozoic	   to	   Cenozoic	   era	   and	   is	  accountable	  for	  the	  complex	  geology	  of	  Hispaniola	  (Escuder-­‐Viruete	  et	  al.	  2013,	  417;	  Tárrega	  2010).	  Cuba	  was	  once	  a	  part	  of	  the	  Caribbean	  Plate	  throughout	  the	  Paleocene	  but	  for	  the	  remainder	  of	  the	  Cenozoic	  has	  been	  attached	  to	  the	  North	  American	   Plate	   (Pindell	   and	   Barrett	   1990,	   421).	   The	   Oriente	   Fault	   Zone	   is	  located	   in	   the	   eastern	   portion	   of	   the	   Cayman	   Trough	   and	   is	   what	   currently	  separates	   Cuba	   from	   Hispaniola	   (Figure	   1).	   The	   Oriente	   Fault	   changes	   to	   the	  Septentrional,	   Bahamas	   Channel,	   and	   Camú	   faults	   in	   the	   northern	   part	   of	  Hispaniola	   (Abbott	   and	   Draper	   2013).	   Continuing	   eastward	   these	   three	   faults	  most	   likely	   consolidate	   to	   the	   Puerto	   Rican	   Trench	   transform	   fault	   zone;	   that	  continues	   until	   eventually	   transitioning	   into	   Lesser	   Antilles	   Subduction	   Zone	  that	  was	  described	  above	  (Pindell	  and	  Barrett	  1990).	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Figure	  1.	   Image	   showing	   the	   tectonic	  boundaries	   of	   the	  Caribbean	  Plate	  with	   locations	  of	   (ultra-­‐)	  
high-­‐pressure	  rocks	  marked	  in	  yellow	  and	  white,	  also	  includes	  a	  list	  of	  field	  localities	  that	  are	  non-­‐
relevant	  to	  this	  thesis	  (image	  modified	  from	  http://www.ugr.es/~agcasco/igcp546/project.htm).	  	  
2.2	  GEOGRAPHY	  AND	  GEOLOGY	  OF	  THE	  DOMINICAN	  REPUBLIC	  Of	   the	   entire	   insular-­‐Caribbean	   island-­‐arc	   over	   90%	   of	   the	   landmass	   is	  comprised	   in	   the	   ancient	   Upper	   Cretaceous	   continental	   rock	   islands	   of	   the	  Greater	   Antilles	   (Pindell	   and	   Barrett	   1990;	   Draper	   et	   al.	   1994).	   The	   ancient	  geology	  and	  sheer	  size	  of	  the	  Greater	  Antilles	  islands	  provides	  for	  a	  significantly	  more	   complex	   geographical	   and	   geological	   situation	   when	   compared	   to	   the	  younger,	   mostly	   volcanic	   and	   coral	   islands	   of	   the	   Lesser	   Antilles	   (Pindell	   and	  Barrett	   1990;	   Knippenberg	   2006).	   The	   island	   of	   Hispaniola	   is	   no	   exception	   to	  this	   and	   contains	   a	   vast	   diversity	   of	   geographical	   conditions	   that	   range	   from	  semi-­‐desert	  plains,	  to	  lush	  valleys,	  to	  tropical	  rain	  forests	  with	  over	  25	  different	  microclimates;	  and	  equally	  as	  varied	  of	  a	  topography	  that	  ranges	  from	  Lago	  de	  Enriquillo,	   a	   below	   sea-­‐level	   lake	   in	   the	   southwest,	   to	   some	   of	   the	   highest	  mountains	   in	   the	   insular-­‐Caribbean	   with	   all	   kinds	   of	   landscapes	   between	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(Samson	   2010).	   Spread	   throughout	   this	   exceptionally	   diverse	   landscape	   there	  exists	  many	  different	  geological	  formations	  with	  rock	  sources	  from	  a	  variety	  of	  different	  metamorphic,	  volcanic	  and	  sedimentary	  origins.	  It	  must	  be	  noted	  that	  due	   to	   the	  extreme	  complexity	  of	   the	  geology	  and	  geography	  of	  Hispaniola	   the	  focus	   of	   this	   chapter	   will	   be	   on	   descriptions	   of	   these	   conditions	   for	   certain	  regions	  of	  the	  northern,	  central	  and	  eastern	  portions	  of	  the	  Dominican	  Republic.	  In	  addition	  to	  this,	  extra	  attention	  and	  detail	  will	  be	  given	  to	  rock	  outcrops	  with	  metamorphic	   complexes	  and	  units	   as	   the	   rocks	  and	   stones	   from	   these	   sources	  are	   the	   most	   similar	   in	   petrographic	   characteristics	   to	   the	   lithic	   artifact	  materials	  studied	  for	  this	  thesis.	  This	  will	  allow	  for	  extra	  attention	  to	  be	  given	  to	  the	  geography	  and	  geology	  that	  is	  most	  relevant	  the	  site	  of	  El	  Cabo	  and	  will	  best	  aid	   in	   establishing	   provenances	   for	   the	   ground-­‐edge	   artifacts	   that	   were	  archaeologically	   recovered	   from	   this	   site.	   Since	   the	   petrographic	   descriptions	  and	   characterizations	   given	   below	   come	   from	   other	   scientists’	   research,	   page	  numbers	  will	  be	  provided	  with	  the	  references	  for	  the	  descriptions	  allowing	  the	  reader,	   if	   they	   wish,	   to	   read	  more	   detailed	   descriptions	   of	   the	   formation	   and	  mineralogical	  assemblage	  of	  these	  lithic	  materials	  than	  is	  possible	  here.	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Figure	  2.	   Image	  showing	   the	  metamorphic	   complexes	  of	   the	  northern	  Cordillera	  Septentrional,	   the	  
metamorphic	   complexes	  of	   the	  Cordillera	  Central,	   and	   the	  geology	  of	   eastern	  Dominican	  Republic	  
including	   the	   site	   of	   El	   Cabo.	   Alluviums	   of	   these	   features	   are	   shown	   in	   the	   grayish-­‐white	   shaded	  
areas	  of	  the	  map	  (modified	  from	  www.Dicyt.com/data/89/9089.jpg).	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Figure	   3.	   Image	   concisely	   explaining	   the	   geology	   of	   the	   Dominican	   Republic	   and	   the	   rest	   of	  
Hispaniola	   (image	   from	   www2.fiu.edu/orgs/caribgeol/hispaniola.html).	   Although	   most	   of	   the	  
geologic	  zones	  from	  this	   image	  and	  the	  image	  above	  still	  correlate	  with	  each	  other,	  many	  years	  of	  
research	  has	  been	  conducted	  since	  the	  creation	  of	  this	  image	  and	  so	  some	  differences	  will	  be	  seen	  
with	   the	   images	   above	   and	   in	   the	   sections	   below.	   Nevertheless,	   this	   geologic	   map	   acts	   as	   an	  
excellent	  introduction	  that	  will	  be	  refined	  upon	  in	  the	  following	  sections.	  
2.2.1	   Northern	  Dominican	  Republic	  The	  Cordillera	  Septentrional	   runs	   parallel	   to	   the	   north	   coast	   of	   the	   Dominican	  Republic	  with	  an	  extension	  to	  the	  southeast	  that	  eventually	  becomes	  the	  Sierra	  
de	   Samaná	   in	   the	   Samaná	   Peninsula	   (Figure	   2;	   Escuder-­‐Viruete	   et	   al.	   2011b,	  484).	   The	   Cordillera	   Septentrional	   overlies	   the	   late	   strike-­‐slip	   fault	   of	   the	  Septentrional	   Fault	   Zone	   (“Zona	   de	   Falla	   Septentrional”)	   that,	   in	   combination	  with	  several	  other	  fault	  zones	  and	  their	  interactions,	  allowed	  for	  the	  creation	  of	  the	  Cordillera	  Septentrional.	  These	  geologic	  conditions	  have	  helped	  to	  provide	  a	  wide	  variety	  of	  geologic	  formations,	  but	  the	  geological	  sources	  of	  most	  interest	  are	   the	   three	   areas	   that	   contain	   metasomatic-­‐metamorphic	   (ultra-­‐)high-­‐pressure	  (with	  low	  to	  high	  temperature)	  complexes	  and	  the	  mélanges	  that	  exist	  along	   the	   Cordillera	   Septentrional	   (Escuder-­‐Viruete	   et	   al.	   2011b,	   485).	   These	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three	   metamorphic	   complexes	   in	   addition	   to	   the	   subcomplexes	   and	   the	   rock	  units	  associated	  with	  them	  will	  be	  explained	  in	  more	  detail	  below,	  starting	  with	  the	  western	  most	  sources	  and	  ending	  with	  the	  eastern	  most	  sources:	  	  	  1)	   The	  Puerto	   Plata	   Complex	   is	   located	   on	   the	   coastal	   side	   of	   the	  Cordillera	  
Septentrional	  just	  northwest	  from	  the	  modern	  day	  city	  of	  Puerto	  Plata	  and	  north	  of	  the	  Camú	  fault	  zone	  (Figure	  4).	  Most	  of	  the	  rocks	  of	  this	  Complex	  are	  volcanic	  and	  plutonic	  in	  origin,	  along	  with	  some	  cherts	  and	  limestone	  sedimentary	  rocks,	  but	   exposed	   outcrops	   of	   hydrothermally	   altered	   serpentinized	   peridotites	   can	  also	  be	  found	  here;	  the	  Puerto	  Plata	  Serpentinized	  Peridotites	  unit	  is	  comprised	  of	  these	  latter	  metamorphic	  rocks	  (Escuder-­‐Viruete	  et	  al.	  2014,	  263).	  A	  mélange	  of	   serpentitic	   materials	   can	   also	   be	   found	   to	   the	   south	   of	   the	   Puerto	   Plata	  Complex	   that	  extends	  east	  along	   the	  Camú	  Fault	  Zone,	  and	  was	   formed	  during	  the	   subduction-­‐accretionary	   tectonic	   activity	   that	   occurred	   here	   (Escuder-­‐Viruete	   et	   al.	   2014).	   Due	   to	   the	   Puerto	   Plata	   Serpentinized	   Peridotites	   unit’s	  coastally	  bounded	  location,	  the	  alluviums	  for	  this	  unit	  are	  rather	  restricted	  and	  exist	   in	   close	   proximity	   to	   the	   east	   and	   west	   of	   the	   primary	   source	   outcrops	  (Figure	  2;	  Escuder-­‐Viruete	  et	  al.	  2014).	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Figure	  4.	  Image	  showing	  the	  fault	  zones	  and	  geology	  of	  the	  Puerto	  Plata	  Complex	  and	  surrounding	  
areas	  (Escuder-­‐Viruete	  et	  al.	  2014,	  263).	  
	  2)	   The	  Rio	   San	   Juan	   Complex	   is	   located	   on	   the	   coastal	   side	   of	   the	  Cordillera	  
Septentrional	   and	   just	   southwest	   from	   the	   modern	   day	   city	   of	   Rio	   San	   Juan	  (Escuder-­‐Viruete	  et	  al.	  2013)	  (Figure	  2).	  This	  Complex	  is	  bound	  with	  the	  Camú	  Fault	  Zone	  just	  offshore	  to	  the	  north,	  the	  Morrito	  Fault	  Zone	  running	  through	  it,	  and	  to	  the	  south	  where	  it	  comes	  into	  contact	  with	  the	  Septentrional	  Fault	  Zone	  (Escuder-­‐Viruete	   et	  al.	   2011b,	   484;	   Escuder-­‐Viruete	   et	  al.	   2013,	   418).	   The	  Rio	  San	  Juan	  Complex	  is	  divided	  into	  several	  major	  metamorphic-­‐metasomatic	  rock	  units	   including,	   from	   north	   to	   south:	   the	   Gaspar	   Hernández	   Serpentinites,	   the	  Jagua	   Clara	   mélange,	   and	   the	   Morrito,	   Cuaba	   and	   Helechal	   units	   (Figure	   5;	  Escuder-­‐Viruete	  et	  al.	  2013).	  The	  Gaspar	  Hernández	  Serpentinites	  Unit	  and	  the	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Jagua	  Clara	  mélange	  are	  the	  two	  geologic	  units	  that	  are	  the	  closest	  in	  proximity	  to	   both	   the	   coast	   and	   the	   offshore	   Camú	   Fault	   Zone.	   The	   Gaspar	   Hernández	  Serpentinites	   is	   mainly	   composed	   of	   massive,	   serpentinized	   harzburgites	   (a	  form	   of	   peridotite)	   that	   grade	   into	   the	   surrounding	   sheared	   serpentinite,	  schistose	   serpentinite	   and	   serpentinitic	   gouge.	   This	   geologic	   unit	   does	   not	  contain	   any	   exotic	   blocks	   of	   high-­‐pressure	   rocks,	   which	   is	   in	   contrast	   to	   the	  Jagua	  Clara	  mélange	  that	  is	  described	  below	  (Escuder-­‐Viruete	  et	  al.	  2011b;	  2013,	  417;	  García-­‐Casco	  et	  al.	  2008;	  2013).	  The	  Jagua	  Clara	  mélange	  is	  a	  serpentinitic-­‐matrix	  mélange	  that	  is	  composed	  mainly	  of	  serpentinitic	  schists	  and	  serpentinite	  gouge	  that	  are	   intercalated	  with	  the	  Hicotea	  mafic	  schists	  subunit.	  The	  Hicotea	  mafic	   schists	   are	   described	   as	   coherent	   fine-­‐grained	   mafic	   to	   intermediate	  schists	  that	  have	  been	  metamorphosed	  to	  the	  blueschist	  and	  upper	  greenschist-­‐facies	   conditions	   (Escuder-­‐Viruete	  et	  al.	   2013,	  417).	   In	   addition	   to	   the	  Hicotea	  schists,	  the	  Jagua	  Clara	  mélange	  also	  contains	  blocks	  of	  blueschist	  and	  eclogite-­‐facies	   rocks	   that	   were	   emplaced	   on	   top	   of	   this	   mélange	   by	   subduction-­‐accretionary	   tectonic	   activity	   that	   occurred	   along	   the	   Morrito	   Fault	   Zone	  (Escuder-­‐Viruete	  et	  al.	  2013,	  417-­‐418).	  Also,	  very	  recently	  a	  variety	  of	   jadeitite	  and	   jadeite-­‐bearing	   rocks	   have	   been	   discovered	   in	   the	   Jagua	   Clara	   mélange	  (Schertl	  et	  al.	  2007;	  Baese	  et	  al.	  2007;	  Krebs	  et	  al.	  2008;	  García-­‐Casco	  et	  al.	  2008,	  2;	  2013).	  The	  Morrito	  Unit	  is	  composed	  of	  greenschist	  to	  blueschist-­‐facies	  rocks	  divided	   into	   the	   Puerca	   Gorda	   Mafic	   Schists	   and	   the	   slightly	   more	   southern	  Guineal	   Felsic	   Schists;	   these	   schists	   were,	   respectively,	   derived	   from	  mafic	   to	  intermediate	   and	   felsic	  metavolcanic	   rocks	   (Escuder-­‐Viruete	   et	  al.	   2013,	   420).	  The	   Cuaba	   Mafic-­‐Ultramafic	   Unit	   is	   located	   in	   the	   southern	   portion	   of	   this	  metamorphic	   complex	   near	   to	   the	   Septentrional	   Fault	   Zone	   and	   contains	   the	  Jobito	   and	   Guaconejo	   sub-­‐units	   along	   with	   smaller	   outcrops	   of	   banded	  metagabbros	  and	  metadiorites.	  The	  Jobito	  Sub-­‐Unit	  is	  composed	  of	  fine-­‐grained	  hornblende	   +/-­‐	   epidote	   amphibolites	   and	   mafic	   schists	   that	   contain	   strongly	  expressed	   metamorphic	   fabrics	   (Escuder-­‐Viruete	   et	   al.	   2013,	   419).	   The	  Guaconejo	  Sub-­‐Unit	   is	   composed	  of	  high-­‐pressure	  garnet-­‐epidote	   amphibolites	  and	   eclogites	   that	   contain	   the	   mineral	   coronite	   (Escuder-­‐Viruete	   et	   al.	   2013,	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419).	   The	   banded	  metagabbros	   and	  metadiorites	   that	   can	   be	   found	   here	   have	  been	  metamorphosed	  to	  amphibolite	  and	  eclogite-­‐facies;	  and	  while	  outcrops	  of	  these	  rocks	  can	  be	  found	  within	  parts	  of	  the	  Guaconejo	  and	  Jobito	  sub-­‐units,	  the	  largest	  outcrop	  can	  be	  found	  to	  the	  east	  of	  these	  two	  sub-­‐units	  (Escuder-­‐Viruete	  
et	  al.	  2013,	  419).	  Due	  to	  tectonic	  activity	  the	  underlying	  Helechal	  Serpentinized	  Peridotites	  have	  been	  juxtaposed	  against	  the	  eastern	  portion	  of	  the	  Cuaba	  Mafic-­‐Ultramafic	   Unit.	   The	   Helechal	   sub-­‐unit	   contains	  massive	   serpentinized	   spinel-­‐harzburgites	  and	  lherzolites5	  (Escuder-­‐Viruete	  et	  al.	  2013,	  420).	  	  Surrounding	  the	  Rio	  San	  Juan	  Complex	  are	  several	  alluvium	  areas	  where	  the	   eroded	   rock	   and	   stone	  materials	   of	   the	   Complex’s	   various	   units	   and	   sub-­‐units	  may	  have	  been	  deposited	  (Figure	  2).	  The	  largest	  of	  these	  alluviums	  falls	  to	  the	  east	  of	   the	  Complex	  and	  extends	   to	   the	  coast.	   It	   is	   in	   this	  eastern	  alluvium	  that	  some	  of	  the	  eroded	  rock	  and	  stone	  materials	  may	  come	  in	  contact	  with,	  and	  be	  transported	  by,	  the	  Rio	  Boba	  which	  begins	  in	  the	  Cordillera	  Septentrional	  and	  flows	   east	   to	   the	   Atlantic	   Ocean.	   Other	   alluviums	   also	   exist	   with	   a	   smaller	  alluvium	  in	  the	  north,	  which	  falls	  toward	  the	  coast,	  and	  another	  alluvium	  in	  the	  southeastern	   portion	   of	   the	   Complex	   where	   eroded	   rock	   and	   stone	   materials	  from	  the	  Helechal	  Serpentinized	  Peridotites	  and	  the	  overlying	  Cuaba	  Unit	  could	  fall	   to	   the	   east.	   It	   is	   less	   likely	   in	   the	   alluvium	   area	   here	   but	   some	   of	   these	  materials	  may	  come	  in	  contact	  with	  the	  Rio	  Yuna,	  which	  is	  located	  to	  the	  south	  and	  empties	  into	  the	  Samaná	  Bay	  (Escuder-­‐Viruete	  et	  al.	  2010;	  2013).	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  5	  A	  type	  of	  ultramafic	  igneous	  rock	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Figure	  5.	  Image	  showing	  fault	  zones	  and	  the	  geology	  of	  the	  Rio	  San	  Juan	  Complex	  (Escuder-­‐Viruete	  
et	  al.	  2013,	  418).	  	  3)	  The	  Samaná	  Complex	   is	   located	   in	  the	  eastern	  and	  southern	  portion	  of	   the	  
Sierra	  de	  Samaná	  that	  extends	  through	  the	  Samaná	  Peninsula.	  As	  was	  mentioned	  above,	   the	   Sierra	   de	   Samaná	   is	   the	   southeastern	   extension	   of	   the	   Cordillera	  
Septentrional	   with	   the	   Septentrional	   fault	   zone	   running	   along	   the	   southern	  portion	   of	   the	   Samaná	   Peninsula	   (Figure	   6;	   Goncalves	   et	   al.	   2000,	   120).	   The	  geology	  of	  the	  Samaná	  Complex	  is	  composed	  primarily	  of	  the	  mica-­‐schists	  from	  the	  Santa	  Barbara	  and	  Punta	  Balandra	  units	  and	  the	  marbles	  from	  the	  Majagual	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and	  Rincón	  units	  (Goncalves	  et	  al.	  2000,	  120).	  Of	  the	  two	  primarily	  mica-­‐schist	  units,	   Santa	   Barbara	   is	   the	  more	   northern	   unit	   and	   contains	   low-­‐temperature	  mica-­‐schists	   of	   the	   greenschist	   and	   amphibolite-­‐facies;	   these	   rocks	   are	  characterized	   by	   a	   mineral	   assemblage	   that	   contains	   albite	   +	   lawsonite	  (Goncalves	  et	  al.	  2000,	  120).	  The	  Punta	  Balandra	  mica-­‐schist	  unit	  is	  more	  to	  the	  south	  and	  is	  located	  in	  closer	  proximity	  to	  the	  Septentrional	  fault	  zone.	  Outcrops	  of	   high-­‐pressure	   rocks	   can	   be	   found	   in	   the	   Punta	   Balandra	   unit	   with	   some	  blueschists	   and	   eclogite-­‐facies	   rocks	   intercalated	   within	   the	   greenschist	   and	  amphibolite-­‐facies	  mica-­‐schists	  (Goncalves	  et	  al.	  2000,	  120).	  Between	  these	  two	  units	   exists	   an	   intermediate	   zone	   that	   also	   contains	   mica-­‐schists	   with	   a	  mineralogical	   assemblage	   that	   is	   composed	   of	   epidote,	   relicts	   of	   glaucophane,	  actinolite,	   lawsonite,	   and	   albite	   (Goncalves	   et	   al.	   2000,	   120).	   To	   the	   north	   of	  these	  mica-­‐schist	  units	  the	  outcrops	  of	  the	  Rincón	  marbles	  can	  be	  found;	  while	  the	  outcrops	  of	  Majagual	  marbles	  can	  be	  found	  more	  to	  the	  west	  extending	  along	  the	   southern	   portion	   of	   the	   Samaná	   Peninsula.	  Within	   these	   marble	   outcrops	  eclogites	  can	  be	  found	  in	  two	  primary	  locations:	  1)	  inside	  of	  boudins6	  within	  the	  coarse-­‐grained	   calcite	   marble	   that	   can	   be	   found	   along	   the	   coast	   near	   Punta	  Balandra,	   in	   the	   southeastern	   corner	   of	   the	   Samaná	  Peninsula;	   or	   2)	   as	   larger	  inclusions	   in	  semi-­‐concordant	   lenses	  of	   talc	  and	  chlorite	  schist	  (Sorensen	  et	  al.	  1997,	  7).	   Secondary	   sources	  of	   loose	  boulders	   that	   are	  1	  meter	   and	  greater	   in	  diameter	   can	   be	   found	   within	   the	   canyons	   and	   along	   the	   beaches	   that	   exist	  between	  the	  marble	  outcrops	  and	  the	  modern	  day	  town	  of	  Samaná	  (Sorensen	  et	  
al.	   1997,	   10).	   Besides	   the	   other	   more	   common	   forms	   of	   eclogite	   found	   here,	  another	  much	  more	   rare	   form	  of	   eclogite	   that	   contains	   lawsonite	   coexisting	   in	  paragenesis	  with	  omphacite	  has	  also	  been	  identified	  in	  this	  area	  (Tsujimori	  et	  al.	  2006).	   This	   rare	   rock	   that	   is	   known	   as	   Lawsonite	   Eclogite	   has	   been	  characterized	  in	  research	  conducted	  by	  Zack	  et	  al.	  (2004;	  Tsujimori	  et	  al.	  2006)	  that	   describes	   the	   sample	   as	   containing	   glaucophane	   (40%),	   garnet	   (25%),	  omphacite	   (15%),	  phengite	   (10%),	   lawsonite,	   epidote	   and	   rutile.	   Furthermore,	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  Elongated	  lenses	  of	  rock	  formed	  in	  a	  metamorphic	  environment	  (Mottana	  et	  al.	  1978)	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the	   cores	   of	   the	   garnet	   porphyroblasts	   found	  within	   these	   rocks,	   that	   display	  prograde	  zoning,	  contain	  inclusion	  with	  assemblages	  of	  lawsonite	  +	  omphacite	  +	  paragonite	  +	  phengite	  +/-­‐	  glaucophane	  +	  quartz.	   Inclusions	  of	  epidote	  occur	   in	  the	   rim	   of	   these	   garnets	   and	   the	   inclusions	   of	   rutile	   in	   the	   matrix	   may	   be	  partially	   replaced	  by	   sphene	   (titanite)	   (Tsujimori	  et	  al.	   2006,	   614-­‐615).	   In	   the	  entirety	  of	  the	  circum-­‐Caribbean	  this	  Lawsonite	  Eclogite	  rock	  can	  only	  be	  found	  in	  the	  outcrops	  of	  this	  portion	  of	  the	  Dominican	  Republic	  and	  in	  outcrops	  located	  in	  mainland	  Guatemala;	  together	  these	  two	  sources	  are	  a	  part	  of	  a	  rather	  limited	  list	  of	  the	  few	  outcrops	  of	  this	  rock	  available	  in	  the	  entire	  world	  (Tsujimori	  et	  al.	  2006).	  The	  rarity	  of	  outcrops	  of	  Lawsonite	  Eclogite	  is	  a	  phenomenon	  that	  exists	  due	   to	   the	   infrequent	  occurrence	  of	   the	   specific	   geologic	   conditions	   that	   allow	  for	  the	  exposure	  of	  these	  eclogites,	  in	  which	  these	  rocks	  experience	  limited	  to	  no	  retrograding	  of	  their	  mineral	  assemblage7	  (Tsujimori	  et	  al.	  2006,	  620).	  Along	  the	  southern	   portion	   of	   the	   Samaná	   Peninsula	   a	   conglomerate	   of	   limestones	   and	  high-­‐pressure	  rocks	  can	  be	  found	  which	  could	  act	  as	  a	  source	  for	  these	  types	  of	  rock	   and	   stones	   Goncalves	   et	   al.	   2000,	   122).	   In	   addition	   to	   the	   southern	  secondary	   sources	   that	   were	   discussed	   above,	   another	   location	   exists	   in	   the	  north	  of	  the	  peninsula	  where	  an	  alluvium	  can	  be	  found	  that	  extends	  to	  the	  coast	  (Figure	  2).	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  Reference	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  et	  al.	  (2006)	  for	  a	  more	  detailed	  description	  of	  the	  rarity	  of	  this	  geologic	  formation.	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Figure	  6.	  Image	  showing	  fault	  zones	  and	  the	  geology	  of	  the	  Samaná	  Complex	  (Goncalves,	  et	  al.	  1999,	  
122).	  
	  
2.2.2	   Central	  Dominican	  Republic	  	  The	  Cordillera	  Central	   runs	  northwest	   to	  southeast	   through	  the	  central	  portion	  of	  Hispaniola,	  the	  majority	  of	  which	  is	  located	  in	  the	  Dominican	  Republic,	  and	  is	  the	  highest	  mountain	  range	  in	  the	  insular-­‐Caribbean.	  The	  four	  tallest	  mountains	  in	  the	  Caribbean	  are	  found	  in	  this	  mountain	  range	  with	  Pico	  Duarte	  as	  the	  tallest	  point	   at	   3,098	   meters	   (Schubert	   and	   Medina	   1982,	   282;	   Tárrega	   2010).	   The	  central	  portion	  of	  the	  Dominican	  Republic	  is	  bounded	  by	  the	  strike-­‐slip	  tectonic	  activities	  between	  the	  Hispaniola	  fault	  zone	  (Zona	  de	  Falla	  de	  La	  Española)	  and	  the	   San	   Juan-­‐Restauracíon	   fault	   zone	   (Figure	   7;	   Escuder-­‐Viruete	   et	   al.	   2011a;	  Tárrega	  2010,	  16).	  The	  Cordillera	  Central	   is	  composed	  of	  oceanic	  derived	  units	  that	   include	   Late	   Jurassic	   age	   accreted	   units	   of	   serpentinized	   Loma	   Caribe	  peridotites,	   basalts,	   volcanic	   rocks	   and	  marine	   sediments,	   in	   addition	   to	   other	  igneous,	  sedimentary	  and	  volaniclastic	  rocks	  (Escuder-­‐Viruete	  et	  al.	  2014,	  310;	  Tárrega	   2010,	   16).	   Some	   of	   these	   igneous	   and	   sedimentary	   rocks	   have	  experienced	   metamorphic-­‐metasomatic	   environments	   and	   have	   variably	   been	  deformed	   and	   metamorphosed	   in	   prehnite-­‐pumpellyte,	   greenschist,	   and	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amphibolite-­‐facies	   conditions	   (Escuder-­‐Viruete	   et	   al.	   2010,	   169;	   2011a,	   310;	  Tárrega	  2010,	  12).	  The	  metamorphic	  complexes	  of	  interest	  in	  this	  region	  are	  the	  metamorphic	   belts	   of	   the	   Río	   Verde	   Complex	   and	   the	   Amina-­‐Maimón	  Formations	   that	   run	   parallel	   to	   each	   other,	   separated	   by	   the	   Loma	   Caribe	  Peridotites	   (Draper	   and	   Lewis	   1991).	   These	   metamorphic	   complexes	   will	   be	  described	  in	  more	  detail	  below:	  	  1)	   The	   Rio	   Verde	   Complex	   is	   located	   in	   the	   southeastern	   portion	   of	   the	  
Cordillera	   Central	   and	   was	   once	   considered	   a	   part	   of	   the	   Duarte	   Complex	  (Draper	  and	  Lewis	  1991),	  but	  with	  more	  recent	  research	  has	  been	  re-­‐identified	  as	   its	   own	   complex	   (Figure	   7;	   Escuder-­‐Viruete	   et	   al.	   2010).	   This	   Complex	   is	  composed	  primarily	  of	  chlorite-­‐grade	  metabasalts	  but	  other	  geologic	  units	  have	  been	   identified	   with	   those	   of	   interest	   that	   include	   metatuffs,	   metasediments,	  and,	   of	   lesser	   interest,	   ultramafic	   rocks.	  The	  grade	  of	  metamorphism	   for	   these	  rocks	   is	   variable	   from	   the	   prehnite-­‐pumpellyite	   to	   (sub)greenschist	   and	   low-­‐pressure	  amphibolite-­‐facies	  (Draper	  and	  Lewis	  1991,	  29;	  Escuder-­‐Viruete	  et	  al.	  2010,	   172;	   2011a,	   310).	   An	   interesting	   trait	   of	   the	  metamorphosed	  Rio	   Verde	  Complex	   rocks	   is	   that	   although	   they	   have	   experienced	   these	   variably	  metamorphic	  conditions,	  the	  rocks	  that	  resulted	  have	  often	  retain	  the	  texture	  of	  their	   protoliths	   (Escuder-­‐Viruete	  et	  al.	   2011a).	   In	   the	   southwestern	  portion	   of	  the	   Complex	   in	   the	   lower	   structural	   levels	   there	   are	   minor	   massive	   sulfide	  deposits	  (Escuder-­‐Viruete	  et	  al.	  2010,	  172).	  	  	  2)	   The	  Amina	   and	  Maimón	   Formations,	   located	   just	   north	   of	   the	  Hispaniola	  fault	  zone,	  are	  considered	  to	  be	  separate	  segments	  of	  the	  same	  greenstone	  belt,	  together	  known	  as	  the	  Maimón	  Belt	  (Figures	  3	  and	  7;	  Draper	  and	  Lewis	  1982;	  1991,	  32;	  Escuder-­‐Viruete	  et	  al.	  2010).	  The	  protoliths	  for	  the	  metamorphic	  rocks	  of	   the	   Maimón	   Belt	   are	   most	   often	   pyroclastic	   tuffs,	   but	   other	   protoliths	   of	  volcanic	  flows,	  arc-­‐derived	  greywackes	  mixed	  with	  carbonaceous	  shales,	  and	  the	  occasional	   horizons	   of	   breccias	   and	   conglomerates	   have	   also	   been	   identified	  (Draper	  and	  Lewis	  1991,	  33;	  Tárrega	  2010,	  18).	  The	  rocks	  of	   the	  Maimón	  Belt	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display	  varying	  degrees	  of	  deformation	  and	  metamorphism	  that	  ranges	  from	  un-­‐deformed	   rocks,	   with	   a	   high	   proportion	   of	   relict	   igneous	   minerals,	   to	   well-­‐developed	   schists	   (chlorite	   and	   sericite),	  which	   are	   entirely	   recrystallized	   and	  have	  had	  their	  original	  texture	  obliterated	  (Draper	  and	  Lewis	  1991,	  29;	  Tárrega	  2010).	  With	  regards	  to	  the	  Maimón	  Formation,	  the	  metamorphic	  grade	  is	  rather	  heterogeneous	   and	   ranges	   from	   being	   barely	   detectable	   to	   low-­‐grade	  greenschist-­‐facies.	   On	   the	   other	   hand,	   the	   Amina	   Formation	  metamorphism	   is	  much	  more	  uniform	  and	  contains	  rocks	  that	  are	  more	  highly	  recrystallized	  (low-­‐grade	   greenschists);	   very	   few	  of	   these	   rocks	   are	   completely	   recrystallized	   and	  many	   contain	   relict	   grains	   that	   remain	   from	   the	   protoliths	   (Draper	   and	   Lewis	  1991,	   32-­‐33).	   These	   greenschist-­‐facies	   rocks	   contain	   the	   metamorphic	  assemblage	   for	   mafic	   protoliths	   of	   quartz	   +	   actinolite	   +	   epidote	   +chlorite	  (chlorite	  schists)	  and	  the	  assemblage	  for	  less	  mafic	  protoliths	  of	  quartz	  +	  epidote	  +	   chlorite	  +	  white	  mica	   (sericite	   schist)	   (Draper	  and	  Lewis	  1991,	  32).	  Another	  interesting	   point	   is	   that	   the	   evidence	   suggests	   that	   the	   Maimón	   Formation	  experienced	   metasomatism	   while	   the	   Amina	   Formations	   do	   not	   contain	  evidence	   for	  metasomatism	   (Draper	   and	  Lewis	  1991,	   33).	   In	   addition	   to	   these	  metamorphic-­‐metasomatic	   altered	   rocks,	   the	  Maimón	   Formation	   also	   contains	  the	   Cerro	   De	   Maimón,	   which	   contains	   massive	   sulfide	   occurrences	   and	   is	   the	  location	   of	   a	   modern	   copper,	   silver	   and	   gold	   mine	   (Tárrega	   2010,	   19).	   The	  sulfides	   of	   this	   mine	   leave	   characteristic	   traces	   of	   sulfides	   including:	   copper	  oxides,	  pyrite,	   chalcopyrite,	  and	  et	  cetera	   in	   the	  metamorphic	  stones	   that	  have	  formed	  in	  close	  proximity	  to	  this	  ore	  source	  (Tárrega	  2010).	  	  The	  Maimón	  Formation	  has	  a	  potential	  alluvium	  to	  the	  north	  where	  rocks	  and	  stones	  could	  come	   in	  contact	  with	   the	  Rio	  Camú,	  Rio	  Yuna,	  Rio	  Haina,	  and	  Rio	  Amina.	  The	  other	  alluviums	  of	   these	  geological	   formations	   tend	   to	   fall	   in	  a	  southeastern	  direction	  from	  the	  outcrops	  to	  end	  just	  north	  of	  modern	  day	  Santo	  Domingo	   and	   could	   end	   up	   in,	   and	   transported	   by,	   the	   southern	  Rio	  Haina	   or	  northern	  Rio	  Ozama,	  which	  both	  flow	  towards	  Santo	  Domingo	  (Figure	  2).	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Figure	   7.	   Image	   showing	   fault	   zones	   and	   the	   geology	   of	   the	   Rio	   Verde	   Complex,	   Maimón	   Belt	  
(Maimón	  Fm.	  And	  Amina	  Fm.),	  and	  surrounding	  areas	  (Escuder-­‐Viruete	  et	  al.	  2009,	  170).	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2.2.3	   Eastern	  Dominican	  Republic	  Moving	   to	   the	   eastern	   portion	   of	   the	   Dominican	   Republic	   there	   is	   an	   obvious	  decrease	  in	  elevation	  from	  the	  more	  topographically	  elevated	  Central	  Dominican	  Republic.	   Even	   the	   northern	   Cordillera	   Oriental,	   running	   parallel	   with	   the	  Samaná	   Bay	   and	   extending	   westward	   from	   the	   Atlantic	   coast	   to	   eventually	  disappear	   into	   the	   foothills	  of	   the	  Cordillera	  Central,	  would	  be	  more	   likened	   to	  rolling	   hills	   when	   compared	   to	   the	   other	   mountain	   ranges	   of	   Hispaniola	  (Tárrega	  2010,	  11).	  The	  eastern	  portion	  of	  the	  Cordillera	  Oriental	  consists	  of	  the	  Late	   Cretaceous	   limestones	   and	   volcanics;	   while	   the	   western	   portion	   is	  composed	   of	   both	   the	   limestones	   of	   Los	   Haitises	   unit	   in	   the	   north	   and	   the	  eastern	  part	  of	  Los	  Ranchos	  volcanic	  formation	  to	  the	  south	  (Tárrega	  2010,	  11;	  Draper	  et	  al.	  1995).	  Los	  Ranchos	  Formation	  also	  contains	  outcrops	  of	  rocks	  that	  have	  been	  subjected	  to	  low-­‐grade	  metamorphism-­‐metasomatism	  at	  greenschist-­‐facies	   temperatures.	  The	  rocks	  of	  Los	  Ranchos	  Formation	  are	  considered	  to	  be	  genetically	   similar	   to	   the	   rocks	   of	   the	   Maimón	   Belt	   (Tárrega	   2010,	   19)	   and	  furthermore	  are	  also	  associated	  with	  gold	  and	  sulfide-­‐rich	  minerals,	  such	  as	  the	  deposits	  found	  in	  Pueblo	  Viejo	  (Tárrega	  2010).	  	  Most	  of	  the	  area	  to	  the	  south	  of	  the	  Cordillera	  Oriental	  drops	  to	  an	  even	  lower	   elevation	   and	   is	   comprised	   of	   an	   underlying	   geology	   of	   Pliocene	   and	  Pleistocene	  aged	   reefs	   (Figure	  3).	  These	  Pliocene	  and	  Pleistocene	   reefs	   extend	  from	  the	  foothills	  of	  the	  Cordillera	  Central,	  that	  are	  just	  west	  of	  Santo	  Domingo,	  all	  the	  way	  to	  the	  eastern	  coast	  of	  the	  Dominican	  Republic;	  this	  includes	  the	  area	  from	  east	  of	   the	  Cordillera	  extending	   to	   the	  coast	   (Figure	  2).	  The	  Late	  Ceramic	  Age	   site	   of	   El	   Cabo	   is	   situated	   in	   this	   geological	   region	   located	   on	   the	  southeastern	  coast	  of	  Hispaniola.	  The	  eastern	  coastal	  plains	  around	  the	  site	  of	  El	  Cabo	  display	  a	  distinct	  geology	   that	   is	  characterized	  by	  karst	   topography,	  with	  thin	   soils,	   little	   stratigraphy,	   and	   subterranean	  water	   sources.	  The	   site	   itself	   is	  located	   upon	   a	   promontory	   of	   raised	   lagoon	   sediments	   that	   differ	   from	   the	  harder,	  jagged	  coral	  deposits	  on	  either	  side.	  (Sampson	  2010,	  77).	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Northern	   alluviums	   of	   Los	   Ranchos	   Formation	   can	   be	   found	   in	   the	  western	  part	  of	   the	   formation	  closer	   to	   the	  Cordillera	  Central	  (Figure	  2).	  These	  alluviums	  fall	  to	  the	  north	  and	  are	  also	  found	  between	  the	  separated	  outcrops	  of	  the	   same	   formation.	   Any	   eroded	   rocks	   and	   stones	   of	   this	   area	   could	   come	   in	  contact	  with,	   and	  be	   transported	  by,	   the	  Rio	  Camú.	  The	   southern	  Los	  Ranchos	  alluvium	  is	  found	  extending	  to	  the	  south	  of	  the	  formation	  from	  areas	  that	  are	  not	  bound	  by	  other	  geological	  formations.	  The	  eroded	  rocks	  and	  stones	  deposited	  in	  this	   alluvium	  could	   come	   in	   contact	  with,	   and	  be	   transported	  by,	   the	   southern	  flowing	  Rio	  Ozama	  and	  Rio	  Sabana.	  This	  southern	  alluvium	  would	  seem	  to	  be	  the	  closest	  possible	  secondary	  source	  for	  rocks	  and	  stone	  of	  the	  greenschist-­‐facies.	  The	  other	  various	  alluviums	  of	   the	  Cordillera	  Oriental	   exist	  much	   closer	   to	   the	  site	   of	   El	   Cabo,	   than	   the	   alluviums	   from	   the	  more	   central	   and	   northern	   areas	  discussed	   above,	   but	   these	   rocks	   and	   stones	   are	   of	   igneous	   and	   sedimentary	  origin.	  While	   rocks	   and	   stones	   from	   these	   sources	  may	   have	   been	   utilized	   for	  other	   things,	   they	   are	   not	   potential	   sources	   for	   the	   “greenstone”	   ground-­‐edge	  tools	  found	  at	  El	  Cabo	  (Draper	  et	  al.	  1995).	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3.	   Methods	  and	  Materials	  	  	  	  This	  chapter	  is	  presented	  as	  an	  introduction	  to	  the	  research	  methods	  conducted	  during	  this	  study	  so	  that	  they	  may	  be	  examined	  critically	  and	  to	  provide	  a	  basic	  methodology	   that	   can	   be	   taken	   and	   adapted	   by	   this	   researcher	   and	   others	   in	  future	  research.	  This	  will	  began	  with	  a	  description	  of	  the	  methodology	  used	  for	  the	   selection	   of	   materials	   from	   the	   greater	   El	   Cabo	   ground-­‐edge	   artifact	  assemblage.	   Following	   this	  will	   be	   a	   description	   of	   the	   introductory	   and	  more	  advanced	   steps	   of	   thin	   section	   production.	   Then	   there	  will	   be	   an	   introduction	  and	  description	  of	   the	   geology	   relevant	  methods	   that	   have	  been	   employed	   for	  petrological	  identification	  of	  these	  materials.	  Following	  the	  methods	  section	  the	  second	   portion	   of	   this	   chapter	  will	   provide	   descriptions	   of	   the	   geological	   and	  archaeological	  relevant	  features	  of	  these	  ground-­‐edge	  artifacts.	  This	  will	  include	  macroscopic	  and	  minor	  microscopic	  (10-­‐20x	  magnification)	  descriptions	  of	  the	  materials	   selected	   for	   this	   analysis	   in	   hand	   sample	   and	   in	   thin	   section.	   These	  descriptions	   will	   not	   extend	   into	   the	   petrographic	   characteristics	   of	   these	  materials	  since	  that	  will	  be	  discussed	  in	  chapter	  4.	  	  
3.1	  METHODS	  This	   section	   will	   be	   used	   to	   describe	   the	   different	   methods	   utilized	   for	   the	  research	   of	   this	   thesis.	   These	   methods	   include	   a	   description	   of	   how	   the	  representative	  sampling	  of	  these	  artifacts	  was	  selected,	  the	  steps	  of	  thin	  section	  production	   and	   introductions	   to	   optical	   mineralogy	   and	   electron	   microprobe	  (EMP)	  analyses.	  In	  the	  final	  chapter	  there	  will	  be	  a	  discussion	  about	  how	  these	  methods	  could	  be	  refined	  and	  modified	  for	  future	  research.	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3.1.1	   Selection	  of	  a	  Representative	  Sample	  As	  was	  touched	  upon	  in	  the	  introductory	  chapter	  of	  this	  thesis,	  during	  the	  2005-­‐2008	   fieldwork	   seasons	   conducted	   at	   El	   Cabo	   a	   variety	   of	   artifacts	   were	  encountered,	   including	   several	   intact	   and	   many	   fragmented	   pieces	   of	  “greenstone”	   ground-­‐edge	   artifacts	   (Samson	   2010).	   These	   artifacts	   were	  excavated,	  collected,	  and	  bagged	  along	  with	  the	  other	  artifacts,	  but	  would	  later	  be	   sorted	   with	   the	   “greenstone”	   ground-­‐edge	   artifacts	   re-­‐bagged	   separately	  from	   the	   others.	   These	   and	   other	   bags	   of	   artifacts	   have	   temporarily	   been	  brought	  to	  Leiden	  University	  for	  further	  analyses,	  like	  the	  research	  that	  has	  been	  conducted	   for	   this	   thesis,	   but	   will	   eventually	   be	   returned	   to	   the	   Dominican	  Republic.	   The	   three	  bags	  dedicated	   to	   the	   “greenstone”	   ground-­‐edge	  materials	  included	  a	  total	  quantity	  of	  approximately	  1508	  of	  these	  artifacts,	  either	  intact	  or	  in	  variable	  stages	  of	  fragmentation.	  Unfortunately,	  this	  many	  samples	  would	  be	  too	   extensive	   of	   an	   assemblage	   for	   the	   methods	   and	   scope	   of	   this	   thesis	   and	  would	  therefore	  necessitate	  the	  use	  of	  a	  sampling	  method	  that	  could	  provide	  a	  representative	  view	  of	  the	  artifact	  assemblage.	  	  To	  rectify	   this	   issue	   the	  artifact	  assemblage	  of	  each	  bag	  was	   thoroughly	  investigated	  in	  hand	  sample	  both	  macroscopically	  and	  at	  minor	  magnifications,	  using	   a	   geology	   loupe	   (10-­‐20x	   magnification).	   Some	   of	   the	   physical	  characteristics	  used	  during	  the	  preliminary	  grouping	  of	  the	  materials	   included:	  grain	   size/orientation,	   textures,	   identifiable	   minerals/inclusions	   and	   colors	   of	  the	  materials	   (preferably	   in	   a	   fresher	   break),	   in	   addition	   to	   other	   factors	   that	  will	   be	   described	   later	   in	   the	   chapter.	   This	   strategy	   allowed	   for	   a	   rather	  superficial	   characterization	   of	   the	   materials	   but	   was	   beneficial	   in	   helping	   to	  group	   these	   materials	   into	   approximate	   categorizations9	  using	   the	   observed	  similarities	  and	  differences.	  Furthermore,	  only	  materials	  from	  these	  preliminary	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  8	  This	  count	  is	  an	  approximation	  due	  to	  the	  fact	  that	  some	  of	  the	  included	  artifacts	  were	  either	  difficult	  to	  completely	  identify,	  due	  to	  weathering,	  fragmentation	  and/or	  use-­‐wear,	  and	  included	  others	  that	  were	  identifiable	  as	  not	  manufactured	  from	  “greenstone”	  materials	  or	  did	  not	  display	  the	  characteristics	  of	  a	  ground-­‐edge	  artifact	  (butt,	  blade,	  polished/grounded	  sides).	  9	  Admittedly,	  this	  was	  more	  difficult	  in	  some	  samples	  than	  others.	  Many	  of	  the	  samples	  were	  unwashed	  and	  weathering	  had	  affected	  some	  of	  the	  materials	  enough	  to	  cause	  oxidation	  and	  form	  patinas	  on	  the	  surface	  of	  the	  materials,	  altering	  the	  surface	  colors.	  Unfortunately,	  not	  much	  could	  be	  done	  about	  this	  issue	  since	  many	  of	  these	  materials	  would	  need	  to	  remain	  unwashed	  for	  other	  future	  analyses.	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groups	   that	  were	  so	   fragmented	  as	   they	  would	  offer	   little	   information	   in	  other	  research10,	   especially	   in	   comparison	   to	  more	   intact	   artifacts,	   could	  be	   selected	  for	   the	   rather	   destructive	  methods	   of	   this	   thesis.	   This	   said,	   although	   samples	  could	  only	  be	  selected	  from	  the	  heavily	  fragmented	  pieces,	  it	  was	  made	  sure	  that	  these	  were,	   in	   fact,	   fragments	  of	  “axes”	  or	  “adzes”	  by	  only	  selecting	  pieces	  that	  had	  obvious	  features	  such	  as	  the	  “butt”,	  the	  “bit”	  (edge)	  and/or	  grounded	  side(s)	  that	   are	   characteristic	   of	   these	   type	   of	   artifacts.	   Efforts	   were	   made	   to	   select	  materials	   that	   would	   help	   to	   reveal	   the	   characterization(s)	   of	   the	   greater	  assemblage,	  but	  also	  artifacts	   that	  would	   likely	  provide	  samples	   that	  would	  be	  highly	  diagnostic	  and	  identifiable.	  It	  was	  decided	  that	  19	  (S1-­‐S19)	  ground-­‐edge	  artifact	   fragments	   would	   be	   selected	   from	   this	   assortment;	   this	   selection	  included	  several	  samples	  from	  the	  preliminary	  grouping	  and	  several	  diagnostic	  samples.	   Further	   descriptions	   of	   the	   groups	   and	  materials	  will	   be	   provided	   in	  the	  Materials	  portion	  of	  this	  chapter.	  	  	   3.1.2	   Thin	  section	  production	  Before	  any	  other	  petrological	  or	  geochemical	  analyses	  could	  commence,	  the	  19	  selected	  artifact	   fragments	  would	  first	  have	  to	  be	  refined	  from	  their	  rough	  and	  fragmented	   states	   into	   smoothly	   polished	   microscope	   thin	   sections.	   The	  production	  of	  these	  thin	  sections	  was	  carried	  out	  at	  the	  Geology	  Technician	  Lab	  at	   Vrije	   University,	   Amsterdam;	   with	   essentially	   every	   step	   of	   this	   process,	  excluding	  the	   last	   few	  extremely	  technical	  steps,	  carried	  out	  by	  the	  researcher.	  This	   was	   done	   to	   allow	   for	   a	   more	   comprehensive	   understanding	   of	   this	  research	  process	  from	  beginning	  to	  end	  and	  allowed	  for	  an	  increased	  familiarity	  with	  the	  study	  materials.	  This	  said,	  every	  step	  of	  the	  process	  was	  observed	  and	  inspected	  by	  one	  of	  the	  lab	  technicians	  before	  continuation	  on	  to	  other	  steps.	  	  	   First,	  these	  samples	  would	  have	  to	  be	  cut	  and	  then	  polished	  to	  expose	  a	  flat,	   fresh	   surface	   that	   could	   be	  mounted	   to	   a	   glass	   thin	   section	   slide.	  When	   it	  was	  necessary,	  a	  diamond-­‐impregnated	  saw	  (Figure	  8)	  was	  used	  to	  cut	  samples	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  10	  Such	  as	  micro-­‐wear	  analysis	  
	   45	  
into	  more	  manageable	  sizes	  for	  mounting	  and	  to	  remove	  any	  extra	  portions	  of	  a	  sample,	   for	  preservation	  purposes.	  The	  grinding	  and	  polishing	  was	  carried	  out	  using	   a	   table-­‐mounted	   mechanical	   grinding	   wheel	   that	   rotates	   at	   high	   RPMs	  (Figure	  9,	  left	  photograph).	  This	  rotating	  grinding	  wheel	  is	  assisted	  in	  its	  task	  by	  the	   application	  of	   an	   abrasive	  of	   some	   form	   that	   is	   lubricated	  with	  water.	  The	  various	  abrasive	  grit	  sizes	  for	  these	  rotating	  plates	  are	  either	  administered	  with	  a	   hydrous	   aluminum	   oxide	   mixture,	   known	   as	   “slurry,”	   or	   as	   magnetic	   plates	  impregnated	  with	  abrasive	  materials	  that	  are	  fully	  interchangeable	  for	  whatever	  grain	  size	   is	   currently	  needed.	  Once	  a	   freshly	  polished	  surface	   is	  exposed	  on	  a	  sample,	  then	  a	  bottom	  glass	  slides	  would	  have	  to	  be	  prepared	  by	  “frosting”	  the	  glass.	  This	  step	  must	  be	  done	  to	  both	  flatten	  the	  slide	  and	  to	  roughen	  the	  slide’s	  surface,	  so	  that	  the	  epoxy	  can	  bind	  well,	  and	  involves	  placing	  the	  glass	  slide	  on	  the	   grinding	   wheel,	   while	   ensuring	   it	   retains	   the	   same	   orientation,	   until	   the	  entire	  slide	  has	  an	  even	  frosted	  effect.	  Upon	  completion	  of	  this	  step,	  the	  samples	  were	  mounted	  to	  their	  respective	  slides	  with	  a	  clear	  epoxy	  and	  left	  on	  a	  hotplate	  to	  dry.	  Once	  dry,	  any	  drastically	  protruding	  portions	  or	  overhanging	  edges	  were	  removed	  from	  the	  samples	  by	  again	  using	  either	  the	  diamond	  impregnated	  saw	  or	   by	   using	   the	   rotating	   grinding	   wheel.	   These	   samples	   where	   then	   further	  ground	  and	  polished	  using	  progressively	  finer-­‐grained	  slurries11	  until	  they	  were	  polished	  to	  approximately	  50	  microns	  and	  left	  uncovered.	  	  These	  thin	  section	  samples	  were	  then	  submitted	  to	  a	  preliminary	  optical	  examination	   in	   collaboration	  with	  Professor	  Gareth	  Davies	   (Vrije	  Universiteit).	  The	   fresh	   surfaces	   exposed	   on	   these	   samples	   and	   the	   optical	   observations	  allowed	   for	   a	  more	   precise	   grouping	   than	   originally	   possible.	  More	   about	   this	  will	  be	  discussed	  in	  the	  sections	  below.	  This	  meeting	  resulted	  in	  the	  selection	  of	  8	  samples	  to	  be	  prepared	  for	  the	  electron	  microprobe,	  which	  was	  decided	  to	  be	  a	  sufficient	   number	   to	   both	   be	   representative	   of	   the	   greater	   assemblage	   and	   to	  include	  the	  highly	  diagnostic	  samples.	  The	  other	  11	  samples	  would	  be	  refined	  to	  regular	  thin	  sections.	  Up	  to	  this	  point,	  the	  manufacturing	  steps	  have	  been	  similar	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  11	  From	  the	  coarsest	  to	  finest-­‐grained:	  240grit,	  400girt,	  and	  800grit.	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for	  both	  groups	  of	  thin	  sections,	  and	  some	  of	  the	  steps	  will	  continue	  to	  overlap,	  but	   from	   this	   point	   on	   there	   is	   enough	   of	   a	   divergence	   for	   there	   to	   warrant	  separate	  descriptions	  of	  both	  methods:	  1)	  The	  11	  regular	   thin	  section	  samples	  had	   to	   be	   ground	   and	   polished	   again,	   but	   this	   time	   using	   the	  machine	   shown	  here	  (Figure	  9,	  right	  photograph).	  This	  machine	  accepts	  8	  sample	  slides	  at	  a	  time	  and	  accurately	  polishes	  the	  samples	  to	  a	  set	  thickness,	  in	  this	  case	  30microns	  as	  the	   standard	   thickness	   for	   a	   thin	   section,	   using	   a	   petrol	   based	   mixture	   as	  lubrication.	  A	  thickness	  of	  30microns	  was	  set	   for	  the	  samples	  and	  the	  machine	  was	   then	   left	   to	   run	   until	   it	   gradually	   polished	   the	   samples	   to	   the	   desired	  thickness,	  at	  which	  point	  the	  machine	  would	  halt.	  These	  samples	  would	  then	  be	  removed	   from	   the	   machine,	   cleaned	   and	   dried	   so	   that	   a	   cover	   slide	   could	   be	  attached	  to	  the	  top,	  again	  using	  clear	  epoxy.	  Samples	  would	  then	  be	  left	  to	  dry	  on	  a	  heat	  plate	  and	  once	  dry	  were	  complete	  and	  ready	  for	  further	  analysis.	  2)	  The	  8	  samples	  that	  would	  be	  analyzed	  in	  the	  Electron	  Microprobe	  were	  also	  placed	  in	  the	   machine	   described	   below	   (Figure	   9,	   right	   photograph),	   but	   instead	   of	  polishing	   the	   samples	   to	   30microns,	   like	   the	   previous	   samples,	   they	   were	  instead	   left	   a	   little	   bit	   thicker	   (~35	   microns	   thick).	   This	   extra	   thickness	   is	  necessary	  because	  samples	  that	  will	  be	  used	  in	  an	  electron	  microprobe	  require	  a	  special	   secondary	   polishing	   to	   achieve	   the	   extremely	   smooth	   surface,	   at	   the	  micrometer	  scale,	  needed	  for	  this	  analysis	  tool	  (Hirsch	  2012).	  Since	  this	  portion	  of	  the	  manufacturing	  process	  required	  a	  more	  experienced	  hand	  it	  was	  carried	  out	  by	  one	  of	   the	   lab	   technicians	  using	  a	   special	   rotating	  wheel	  and	  extremely	  fine-­‐grained	   slurry	   (+1200grit).	   After	   this	   final	   polishing	   these	   samples	   were	  then	   coated	  with	   a	   fine	   layer	   of	   carbon	   as	   the	   last	   step	   of	   preparation	   for	   the	  electron	  microprobe.	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Figure	  8.	  Photographs	  showing	  diamond-­‐impregnated	  saw	  in	  use	  by	  researcher	  (left)	  and	  not	  in	  use	  
from	  another	  angle	  (right).	  	  
	  
Figure	   9.	   Photograph	   showing	   a	   grinding	   wheel	   setup	   (left;	   Hirsch	   2012)	   that	   is	   similar	   to	   the	  
grinding	  wheels	  at	  Vrije	  Universiteit	  except	  that	  this	  example	  does	  not	  have	  a	  sink	  directly	  mounted	  
above	  the	  grinding	  wheel,	  for	  cleaning	  and	  lubrication.	  Photograph	  showing	  mechanical	  polishing	  of	  
the	  thin	  sections	  (right).	  Approximately	  8	  samples	  can	  be	  mounted	  in	  this	  machine	  at	  a	  time	  and	  the	  
desired	  thickness	  can	  be	  programed	  using	  the	  panel	  to	  the	  right.	  	  
3.1.3	   Optical	  Mineralogy	  Introduction	  and	  Method	  Optical	  mineralogy	  is	  a	  method	  that	  has	  been	  utilized	  by	  geologists	  since	  the	  late	  19th	  century	  and	  remains	  to	  this	  day	  as	  one	  of	  the	  most	  effective	  and	  commonly	  used	  methods	  for	  petrographic	  studies	  (Nesse	  2004).	  Optical	  mineralogy	   is	   the	  study	   of	   minerals	   and	   rocks	   by	   observing	   and	   measuring	   the	   various	   optical	  properties	  of	  samples	  taken	  from	  these	  materials,	  most	  commonly	  prepared	   in	  grain	  mounts	  or	  thin	  sections,	  using	  a	  petrographic	  microscope	  (Nesse	  2004).	  A	  petrographic	  microscope	  is	  similar	  in	  appearance	  to	  a	  standard	  microscope	  but	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differs	   in	   that	   it	   additionally	   comes	   equip	  with	   a	   rotating	   stage,	   an	   upper	   and	  lower	  polarizer,	   and	  a	  Bertrand	   lens.	  Typically,	   the	   lower	  polarizer	   remains	   in	  place	  while	  the	  upper	  polarizer	  is	  removed	  or	  inserted	  to	  allow	  for	  a	  thin	  section	  to	  be	  viewed	  in	  either	  plane-­‐polarized	  light	  (PPL)	  or	  cross-­‐polarized	  light	  (XPL)	  and	   in	   combination	   with	   the	   rotating	   stage,	   the	   Bertrand	   lens,	   and	   other	  microscope	  features	  allows	  for	  the	  identification	  and	  general	  characterization	  of	  minerals	   and	   rocks.	   This	   is	   made	   possible	   because	   every	   mineral	   displays	   a	  variety	   of	   distinct	   and	   diagnostic	   optical	   features12	  that	   can	   be	   observed	   and	  measured	   using	   this	   method	   and	   the	   features	   of	   this	   microscope,	   although	   in	  some	  cases	  minerals	  may	   share	   similar	   characteristics	   and	  are	   therefore	  more	  difficult	   to	   differentiate	   from	   each	   other	   (Nesse	   2004).	   The	   identification	   and	  characterization	   of	   the	   textures	   and	  mineralogical	   composition	   of	   the	   various	  geological	  materials	  in	  this	  study	  allows	  for	  better	  understand	  of	  these	  materials	  and	   helps	   to	   reveal	   their	   origin	   and	   evolution	   (Nesse	   2004).	   As	   has	   hopefully	  been	  made	  evident,	   this	   is	  exactly	  why	  this	   type	  of	  research	   is	  so	  applicable	   to	  archaeology	  with	  regards	  to	  lithic	  provenance	  studies	  and	  explains	  the	  decision	  for	  its	  use	  for	  this	  thesis.	  
Optical	   Method:	   This	   portion	   of	   the	   research	   was	   conducted	   using	   the	  petrographic	  microscopes	  available	  at	  both	  the	  Leiden	  University	  Ceramic	  Lab,	  using	   a	   Nikon	   microscope,	   and	   the	   Petrography	   Microscope	   Lab	   at	   the	   Vrije	  Universiteit	   (Amsterdam),	   using	   Leica	   microscopes.	   These	   microscopes	   were	  capable	   of	   40x–80x	   magnification.	   Various	   micrographs	   were	   made	   of	   the	  samples	  in	  thin	  section	  at	  40x–80x	  magnification.	  The	  thin	  sections	  were	  studied	  using	   the	   methods	   described	   above	   and	   general	   characterizations	   of	   the	  samples’	   petrology	   were	   observed	   and	   documented.	   As	   was	   explained	   in	   the	  previous	  section,	  this	  portion	  of	  the	  research	  was	  done	  in	  two	  parts	  of	  the	  thin	  section	  production:	  1)	  when	  samples	  were	  at	  50microns	  thickness,	  and	  2)	  again	  when	   the	   samples	   were	   at	   30microns	   thickness.	   Samples	   were	   first	   observed	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  12	  It	  would	  be	  rather	  difficult	  to	  concisely	  provide	  an	  extensive	  list	  of	  all	  the	  examples	  with	  detailed	  descriptions	  of	  these	  optical	  characteristics,	  but	  some	  diagnostic	  examples	  include:	  color,	  pleochroism,	  birefringence,	  relief,	  cleavage,	  angles	  of	  extinction,	  interference	  figures	  and	  et	  cetera	  (Nesse	  2004).	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optically	  at	  50microns	  to	  allow	  for	  any	  necessary	  refinements	  to	  the	  grouping	  of	  samples,	   and	   furthermore	   to	   decide	   which	   of	   the	   samples	   would	   simply	   be	  polished	  to	  30microns,	  and	  covered,	  and	  which	  samples	  would	  be	  more	  carefully	  polished	  and	  carbon	  coated	  for	  analysis	  using	  the	  electron	  microprobe,	  and	  left	  uncovered.	   It	  was	   decided	   that	   11	   of	   the	   samples	  would	   be	   refined	   to	   normal	  thin	   sections,	   while	   the	   other	   8	   samples	   selected	   for	   the	   electron	  microprobe	  would	  receive	  the	  special	  polishing	  and	  carbon	  coating	  described	  in	  the	  previous	  section;	   this	   carbon	   coating	   has	   a	   slight	   effect	   on	   the	   optical	   characteristics	   of	  these	   8	   samples.	   Optical	   characterization	   of	   these	   19	   samples	   was	   mainly	  focused	  on	  the	  8	  Electron	  Microprobe	  samples	  but	  characterizations	  of	  the	  other	  11	  samples	  allowed	  for	  comparison,	  and	  often	  grouping,	  of	  these	  materials	  with	  the	   ones	   subjected	   to	   further	   analyses.	   Upon	   completion	   of	   the	   optical	  mineralogy	   and	   the	   identification	   of	   the	   basic	   characterizations	   for	   these	  samples	   a	   chemical	   analysis	   was	   conducted	   using	   the	   electron	   microprobe,	  which	  will	  be	  explained	  in	  the	  next	  section.	  	  	  
3.1.4	   Electron	  Microprobe	  (EMP)	  Introduction	  and	  Method	  Although	   optical	   mineralogy	   is	   an	   effective	   method	   for	   petrographic	   analysis,	  sometimes	  exact	  characterizations	  of	  similar	  minerals	  and	  rocks	  are	  difficult	  to	  ascertain	  using	  simply	  this	  method	  alone.	  As	  was	  stated	  in	  the	  previous	  section,	  some	  minerals	  display	  and	  share	  similar	  characteristics	  that	  make	  it	  difficult	  to	  differentiate	  them	  when	  just	  using	  optical	  mineralogy.	  An	  example	  of	  this	  would	  be	   the	   minerals	   actinolite	   and	   hornblende,	   with	   the	   former	   often	   found	   in	  greenschist-­‐facies	   rocks	   and	   the	   latter	   in	   amphibolite-­‐facies	   rocks	   (Deer	   et	   al.	  1976).	  These	  minerals	  display	  optical	  properties	  that	  merge	  with	  each	  other	  and	  will	   often	   render	   it	   impractical	   to	   distinguish	   between	   the	   two,	   especially	  without	   the	  knowledge	  of	   their	   chemical	   compositions	   (Nesse	  2004,	  210).	  The	  optical	  misidentification	   of	   these	   two	  minerals	   could	   cause	   confusion	   on	  what	  metamorphic	   facies	  these	  materials	  experienced	  and	   lead	  to	  a	  misclassification	  of	   the	   source	   rock.	   	   This	   is	   just	   one	   example	   of	   many	   for	   how	   the	   chemical	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analysis	   of	   an	   electron	   microprobe	   can	   help	   in	   provenance	   studies.	   These	  analytical	  tools	  are	  non-­‐destructive	  to	  the	  sample	  and	  are	  used	  to	  determine	  the	  chemical	   composition	   of	   small	   quantities	   of	   solid	   materials	   by	   bombarding	   a	  sample	  with	  an	  electron	  beam	  that	  emits	  x-­‐rays	  at	  wavelengths	  characteristic	  to	  the	  elements	  being	  analyzed	  (Reed	  2005).	  The	  data	  collected	  from	  this	  method	  is	  then	  displayed	   in	  one	  of	   two	  ways,	  as	  either:	  1)	  a	   live	  graphs	  that	  displays	   the	  elemental	  composition	  of	  a	  measured	  area	  or	  mineral,	  or	  2)	  the	  microprobe	  can	  be	  set	  to	  measure	  certain	  points	  or	  lines	  that	  will	  provide	  oxide	  percentages	  of	  the	   measured	   samples,	   which	   can	   then	   be	   interpreted	   once	   the	   machine	   has	  finished	  collecting	  the	  data.	  	  
EMP	  Method:	  This	  portion	  of	  the	  research	  was	  again	  conducted	  in	  collaboration	  with	  the	  Faculty	  of	  Earth	  and	  Life	  Sciences,	  Vrije	  Universiteit	  (Amsterdam),	  but	  this	   time	  working	  with	  electron	  microprobe	   technician,	  Dr.	   Sergei	  Mateev	   (the	  VU).	  The	  research	  was	  carried	  out	  on	  three	  separate	  dates13	  with	  three	  samples	  analyzed	   during	   the	   first	   appointment	   (S10,	   S8,	   S13),	   three	  more	   samples	   the	  second	  appointment	  (S18,	  S12,	  S17),	  and	  the	  last	  two	  samples	  during	  the	  third	  appointment	   (S6,	   S19).	   Scans	  were	  made	  of	   the	   thin	   sections	   in	   advance	   to	  be	  used	  to	  help	  navigate	  through	  the	  samples	  to	  locate	  desired	  grains.	  The	  chemical	  composition	   of	   the	   non-­‐plagioclase	  mineral	  was	  measured	   using	   the	   JXA	   JEOL	  8800M	  electron	  microprobe	  operated	  at	  15	  kV	  accelerating	  voltage	  and	  20	  nA	  probe	   current	   and	   2	   micron	   beam	   diameter.	   The	   Table	   of	   Standards	   for	   this	  analytical	   technique	   can	   be	   found	   in	   Appendix	   1.	   For	   the	   plagioclase	  minerals	  the	   JXA	   JEOL	   8800M	   operated	   at	   15	   kV	   accelerating	   voltage	   and	   15	   nA	   probe	  current	  and	  5	  micron	  beam	  diameter,	  this	  change	  was	  to	  minimize	  Na	  loss	  in	  the	  plagioclase.	  The	  Table	  of	  Standards	  for	  this	  analytical	  technique	  can	  be	  found	  in	  Appendix	   1.	   Data	   reduction	   for	   both	   of	   these	   analytical	   techniques	   was	  performed	   using	   the	   ZAF	   correction.	   Various	  micrographs	  were	   taken	   of	   each	  sample	   at	   40x–800x	   magnification.	   Many	   measurements	   were	   made	   in	   these	  samples	   (including	   both	   point	   readings	   and	   line	   readings)	   to	   ensure	   that	   the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  13	  Dates	  of	  EMP	  analysis:	  6	  November	  2013,	  15	  January	  2014	  and	  10	  February	  2014.	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chemical	   compositions	   of	   these	   samples	   would	   be	   as	   complete	   as	   possible.	  Interpretations	  were	  made	  in	  three	  ways:	  1)	  live	  in	  the	  electron	  microprobe	  lab	  by	   comparison	   of	   graphs,	   constructed	   from	   the	   measured	   sample’s	   elemental	  peaks,	   to	  the	  known	  peaks	  of	  various	  minerals;	  2)	  utilizing	  worldwide	   internet	  databases14 	  by	   entering	   in	   mineral	   percentages	   (not	   oxide	   percentages)	   to	  identify	  minerals;	   and	   3)	   using	   textbooks	   such	   as	   Deer	   et	   al.	   (1976)	   that	   is	   a	  compilation	  of	  rock	  forming	  mineralogical	  data.	  Although	  in	  many	  cases	  two	  or	  three	   of	   these	   methods	   would	   be	   used	   at	   once	   to	   crosscheck	   sources	   and	   to	  ensure	  the	  most	  accurate	  interpretations	  possible.	  	  	  
3.2	  MATERIALS	  This	   section	   will	   provide	   macroscopic	   descriptions	   of	   the	   artifacts	   studied	  during	   the	   course	  of	   this	   thesis.	  This	  will	   include	  descriptions	   relating	   to	  both	  archaeology	   and	   geology	   of	   the	   artifacts	   in	   hand-­‐specimen	   and	   the	   mounted	  samples	   in	   thin	   section.	   The	   first	   8	   samples	   presented	   will	   be	   the	   samples	  selected	  for	  analysis	  using	  the	  electron	  microprobe,	  located	  at	  Vrije	  Universiteit	  (Amsterdam),	  and	  will	  be	  presented	  in	  the	  order	  that	  they	  were	  analyzed.	  This	  has	   been	   done	   simply	   for	   organizational	   purposes;	   the	   descriptive	   petrology	  characterizations	  will	   not	   be	  provided	  until	   the	  next	   chapter.	  The	   samples	   are	  labeled	  as	  S1	  -­‐	  S19	  and	  they	  are	  all	   identifiable	  ground-­‐edge	  artifact	   fragments	  from	  the	  El	  Cabo	  site.	  The	  8	  electron	  microprobe	  samples,	  in	  thin	  section,	  were	  photographed	   using	   a	   stereomicroscope	   at	   5x	   magnification;	   the	   other	   11	  samples	  were	  photographed	  using	  a	  Canon	  camera	  with	  no	  magnification.	  This	  will	  explain	  the	  lower	  quality	  of	  the	  latter	  11	  samples’	  photographs	  but	  enough	  is	   still	   visible	   of	   the	   samples	   to	   be	   adequate	   enough	   for	   observing	   the	  macroscopic	  characteristics.	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  14	  These	  databases	  can	  be	  found	  on	  the	  websites:	  Webmineral.com	  and	  Mindat.org.	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   3.2.1	  Sample	  Descriptions	  for	  Electron	  Microprobe	  (in	  order	  of	  analysis)	  
	   	   	   (Samples	  from	  Day	  1	  of	  EMP	  analysis)	  	   	   3.2.1.1	  Sample	  10	  (S10)	  
	  
Figure	  10.	   Sample	  10	   -­‐	   showing	  distal	  view	  of	   the	  butt	   fragment	   (left),	   side	  view	  of	  butt	   fragment	  
(center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  10	  (Figure	  10)	  is	  the	  fragmented	  butt	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	   end	   is	   composed	  of	   the	  butt,	  with	  a	   few	   fragments	  missing,	  while	   the	  proximal	  end	  appears	  to	  be	  the	  plane	  where	  this	  artifact	   fragmented	  from	   the	   rest	  of	   the	  artifact.	   	   Initially,	   this	   sample	  was	  difficult	   to	   characterize	  due	  to	  its	  unwashed	  state	  and	  the	  effects	  that	  weathering	  and	  oxidation	  had	  on	  its	   surface.	   Due	   to	   these	   conditions	   the	   artifact	   originally	   appeared	   to	   be	  composed	   of	   a	   fine-­‐grained	   brown	   colored	   material.	   After	   cutting	   into	   the	  sample,	  the	  fresh	  surface	  revealed	  that	  this	  material	  was	  actually	  a	  fine-­‐grained	  stone	   so	  dark	   green	   in	   color	   that	   it	   almost	   appears	   to	  be	  black.	   Slightly	   larger	  inclusions	  are	  also	  visible	  to	  the	  naked	  eye	  in	  the	  sample	  in	  thin	  section.	  
Reason	   for	   EMP	   selection:	   This	   sample	   was	   selected	   because	   it	   has	  characteristics	  that	  are	  not	  seen	  in	  any	  of	  the	  other	  samples.	  This	  material	  was	  not	   considered	   to	   be	   highly	   diagnostic	   but	   it	   was	   enough	   of	   an	   outlier	   that	   it	  warranted	  analysis.	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   3.2.1.2	  Sample	  8	  (S8)	  	  
	  
Figure	  11.	  Sample	  8	  -­‐	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  8	  (Figure	  11)	   is	  a	   fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  its	   entirety	   that	   gradually	   curves	   toward	   the	   bit.	   A	   small	   part	   of	   the	   bit	   was	  preserved	   on	   the	   proximal	   side	   (top	   right	   in	   photograph)	   along	   with	   a	   small	  portion	   of	   the	   opposite	   ground-­‐edge	   of	   this	   artifact.	   The	   angle	   of	   this	   side,	  retreating	   from	   the	   bit,	  was	  much	   steeper	   than	   on	   the	   distal	   side.	   The	   sample	  originally	   appeared	   to	   be	   dark	   green	   in	   color	   with	   darker	   patches	   that	   were	  almost	   black.	   In	   addition	   to	   this,	   the	   surface	   of	   the	   distal	   side	   displayed	   a	  striated,	   whitish-­‐colored	   patina	   that	   could	   be	   mistaken	   for	   whitish	   colored	  inclusions	   in	   the	   sample.	   Many	   of	   the	   other	   artifacts	   of	   this	   group	   variably	  display	   a	   similar	   patina.	   	   Upon	   cutting	   into	   the	   sample	   it	   was	   revealed	   to	   be	  lighter	   green	   in	   color	   than	   it	   originally	   appeared	   and	  was	   of	   a	   heterogeneous	  grain	  size	  with	  larger	  inclusions	  visible	  to	  the	  naked	  eye.	  	  
Reason	   for	   EMP	   selection:	   This	   material	   shares	   similar	   characteristics	   with	  many	  of	  the	  other	  samples	  and	  artifacts.	  Therefore,	  this	  sample	  was	  selected	  to	  represent	   the	   coarse-­‐grained	   end	   of	   an	   assemblage	   of	   similar	   materials	   and	  would	  aid	  in	  the	  identification	  of	  multiple	  other	  samples	  and	  artifacts	  (including	  S1,	  S2,	  S3,	  S4,	  S5,	  S6,	  S7,	  S8,	  S9,	  S11,	  S16).	  Some	  of	   the	  artifacts	   in	   the	  El	  Cabo	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assemblage	  are	  even	  more	  coarsely	  grained	  than	  this	  sample,	  but	  they	  were	  too	  intact	  to	  be	  used	  in	  this	  destructive	  study.	  	  	   	   3.2.1.3	  Sample	  13	  (S13)	  
	  
Figure	   12.	   Sample	   13	   -­‐	   showing	   distal	   side	   of	   the	   bit	   fragment	   (left),	   proximal	   side	   of	   the	   bit	  
fragment	  (center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  13	  (Figure	  12)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	   artifact.	   The	   distal	   side	   displays	   the	   original	   ground	   surface	   along	   its	  entirety	   that	  gradually	  curves	   toward	   the	  bit.	  Part	  of	   the	  bit	  was	  preserved	  on	  the	   proximal	   side	   (top	   left	   in	   photograph)	   along	   with	   a	   small	   portion	   of	   the	  opposite	  ground-­‐edge	  of	  this	  artifact.	  The	  angle	  of	  this	  side,	  retreating	  from	  the	  bit,	   was	   much	   steeper	   than	   on	   the	   distal	   side.	   This	   sample	   is	   relatively	   more	  coarse-­‐grained	  than	  many	  of	  the	  other	  artifacts	  from	  the	  assemblage	  with	  green	  (most	  likely	  omphacite),	  black,	  and	  white	  (plagioclase	  or	  mica)	  grains	  visible	  to	  the	  naked	  eye.	  	  
Reason	  for	  EMP	  selection:	  This	  material	  was	  selected	  for	  the	  EMP	  because	  it	  is	  characteristically	   different	   from	   the	   other	   samples	   and	   artifacts.	   Furthermore,	  the	   distinct	   characteristics	   of	   this	   sample	   could	   prove	   to	   be	   highly	   diagnostic	  when	  identifying	  raw	  materials	  and	  other	  artifacts.	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(Samples	  from	  Day	  2	  of	  EMP	  analysis)	  	   	   3.2.1.4	  Sample	  18	  (S18)	  
	  
Figure	   13.	   Sample	   18	   -­‐	   showing	   distal	   side	   of	   the	   bit	   fragment	   (left),	   proximal	   side	   of	   the	   bit	  
fragment	  (center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  18	  (Figure	  13)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  a	  ground	  surface	  along	  its	  entirety,	  except	  for	  a	  small	  break	  along	  the	  bit	  (bottom	  right	  of	  photo).	  Part	  of	  the	  bit	  was	  also	  preserved	   on	   the	   proximal	   side	   (left	   in	   photo)	   along	   with	   a	   portion	   of	   the	  opposite	   ground-­‐edge	   of	   this	   artifact.	   The	   curve	   of	   both	   sides,	   retreating	   from	  the	   bit,	   are	   at	   similar	   angles,	   but	   the	   proximal	   side	   is	   slightly	   steeper.	   This	  sample	   is	   dark	   green	   in	   color,	   appearing	   almost	   black	   in	   some	   parts,	   and	  contains	   grains	   that	   display	   a	   metallic	   black	   luster	   (dark	   sulfide	   or	   oxide	  inclusions).	  It	  is	  more	  difficult	  to	  discern	  in	  hand-­‐sample	  but	  this	  sample	  is	  of	  a	  heterogeneous	  grain	  size	  with	  larger	  inclusions	  that	  are	  visible	  to	  the	  naked	  eye.	  
Reason	   for	   EMP	   selection:	   This	   material	   appears	   to	   be	   similar	   to	   coarser-­‐grained	   end	   of	   S8’s	   sample	   group,	   but	   it	   does	   display	   some	   differences.	   This	  sample	  was	  primarily	  selected	  because	  it	  is	  characteristically	  similar	  to	  another	  intact	  (small)	  ground-­‐edge	  artifact	  of	  the	  El	  Cabo	  assemblage.	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   3.2.1.5	  Sample	  12	  (S12)	  
	  
Figure	  14.	  Sample	  12	  -­‐	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  and	  the	  mounted	  sample	  in	  
thin	  section	  (right).	  
Description:	   Sample	   12	   (Figure	   14)	   is	   a	   fragment	   from	   the	   side	   of	   a	   ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  ground	  surfaces	  that	  extend	  over	  the	  edge	  from	   the	   ventral	   to	   dorsal	   sides	   of	   the	   artifact.	   The	   artifact	   slightly	   reduces	   in	  width	  (top	  part	   in	  photographs)	  towards	  where	  the	  butt	  of	   the	  artifact	  used	  to	  be.	  The	  proximal	  side	  is	  heavily	  fragmented	  and	  did	  not	  retain	  any	  of	  the	  original	  ground	   or	   polished	   surfaces.	   Initially,	   this	   sample	  was	   difficult	   to	   characterize	  due	  to	  its	  unwashed	  state	  and	  the	  effects	  that	  weathering	  and	  oxidation	  had	  on	  its	   surface.	   With	   this	   said,	   the	   portions	   of	   the	   original	   surface	   that	   were	   still	  visible	   appeared	   to	   be	   dark	   green	   in	   color	   and	   contained	   numerous	   tiny	  inclusions	   that	   displayed	   a	   golden	   metallic	   luster	   (most	   likely	   sulfides)	   that	  would	  shimmer	  with	  any	  available	  light.	  Cutting	  into	  the	  sample	  revealed	  that	  it	  contains	   a	  metamorphic	   texture	  with	   a	   green	   and	   black	   fine-­‐grain	  matrix	   that	  foliates	  around	  tiny	  inclusions	  of	  light	  pink-­‐red	  garnets	  (~1-­‐2mm	  in	  diameter).	  
Reason	   for	   EMP	   selection:	   This	   material	   displays	   extremely	   distinct	  characteristics	  that	  were	  not	  observed	  in	  any	  of	  the	  other	  samples	  or	  artifacts	  of	  the	   El	   Cabo	   assemblage.	   Therefore,	   it	   was	   not	   grouped	   with	   any	   of	   the	   other	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analyzed	  materials	  but	  was	  selected	  for	  EMP	  analysis	  due	  to	  its	  interesting	  and	  highly	  diagnostic	  features.	  	  	   	   3.2.1.6	  Sample	  17	  (S17)	  
	  
Figure	  15.	  Sample	  17	  –	  showing	  two	  different	  side	  views	  of	  butt	  fragment	  (left	  and	  center)	  and	  the	  
mounted	  sample	  in	  thin	  section	  (right).	  	  	  
Description:	  Sample	  17	  (Figure	  15)	  is	  the	  fragmented	  butt	  end	  of	  a	  ground-­‐edge	  artifact.	  Due	  to	  heavy	  fragmentation	  and	  weathering	  much	  of	  the	  original	  surface	  is	  no	  longer	  preserved	  but	  the	  shape	  of	  the	  butt	  has	  been	  retained.	  This	  sample	  was	   initially	   difficult	   to	   characterize	   due	   to	   its	   unwashed	   state	   and	   the	   effects	  that	  weathering	  and	  oxidation	  had	  on	  its	  surface.	  With	  this	  said,	  the	  portions	  of	  the	  original	   surface	   that	   are	   still	   visible	   appeared	   to	  be	  dark	  green	   to	  black	   in	  color.	  After	   cutting	   into	   the	   sample	   the	   fresh	   surface	   revealed	   that	   the	   sample	  was	   slightly	   coarser-­‐grained	   and	   confirmed	   the	   colors	   with	   grains	   of	   green	  (omphacite	  and	  jadeite),	  black,	  and	  white	  visible	  to	  the	  naked	  eye.	  
Reason	   for	   EMP	   selection:	  This	  material	  displays	  distinct	  characteristics	   that	  were	   not	   observed	   in	   any	   of	   the	   other	   samples	   or	   artifacts	   of	   the	   El	   Cabo	  assemblage.	   Therefore,	   it	   was	   not	   grouped	   with	   any	   of	   the	   other	   analyzed	  materials	  but	  was	  selected	  for	  EMP	  analysis	  due	  to	  its	  interesting	  and	  diagnostic	  features.	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(Samples	  from	  Day	  3	  of	  EMP	  analysis)	  	   	   3.2.1.7	  Sample	  6	  (S6)	  
	  
Figure	  16.	  Sample	  6	  -­‐	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  and	  the	  mounted	  sample	  in	  
thin	  section	  (right).	  
Description:	   Sample	   6	   (Figure	   16)	   is	   a	   fragment	   from	   either	   the	   ventral	   or	  dorsal	  side	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  of	  this	  fragment	  displays	  a	  ground	  surface	  along	  its	  entirety,	  while	  the	  proximal	  side	  is	  entirely	  fragmented.	  Initially,	  the	  sample	  appeared	  darker	  green	  in	  color	  and	  the	  surfaces	  of	  the	  distal	  and	   proximal	   sides	   display	   a	   striated,	   whitish-­‐colored	   patina	   that	   could	   be	  mistaken	  for	  whitish	  inclusions	  in	  the	  sample.	  Many	  of	  the	  other	  artifacts	  of	  this	  group	  variably	  display	  a	  similar	  patina.	  Once	  a	  fresh	  surface	  was	  polished	  on	  this	  sample	   it	   revealed	   that	   the	   material	   was	   actually	   lighter	   green	   in	   color	   and	  contained	  inclusions	  of	  darker	  green	  in	  an	  ovoid	  shape.	  Although	  this	  sample	  is	  more	  uniformly	  fine-­‐grained	  than	  the	  other	  samples	  in	  this	  group,	  the	  size	  of	  the	  grains	  in	  this	  sample	  are	  still	  somewhat	  heterogeneous.	  This	  grain	  heterogeneity	  along	  with	   the	  apparent	  stratigraphy	  (visible	   in	   thin	  section	  photograph)	  hints	  at	  a	  pyroclastic	  origin.	  
Reason	   for	   EMP	   selection:	   This	   material	   shares	   similar	   characteristics	   with	  many	  of	  the	  other	  samples	  and	  artifacts.	  Therefore,	  this	  sample	  was	  selected	  to	  represent	  the	  fine-­‐grained	  end	  of	  an	  assemblage	  of	  similar	  materials	  and	  would	  help	  in	  the	  identification	  of	  multiple	  other	  samples	  and	  artifacts	  (S1,	  S2,	  S3,	  S4,	  S5,	   S7,	   S8,	   S11,	   S16	  group).	   Some	  of	   the	  other	   samples,	   and	  artifacts,	   in	   the	  El	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Cabo	   assemblage	   are	   even	   more	   fine-­‐grained	   than	   this	   sample,	   but	   these	  samples	   could	   not	   be	   analyzed	   due	   to	   how	   difficult	   it	   would	   be	   to	   locating	  inclusions	  large	  enough	  to	  be	  reliably	  identified	  using	  optical	  mineralogy	  or	  the	  EMP.	  	  	  	   	   3.2.1.8	  Sample	  19	  (S19)	  	  
	  
Figure	  17.	  Sample	  19	  -­‐	  showing	  both	  sides	  of	  the	  bit	  fragment	  (left	  and	  center)	  and	  the	  mounted	  
sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  19	  (Figure	  17)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  Portions	  of	  both	  of	  the	  fragment’s	  original	  ground	  sides	  are	  intact	  on	  either	  side	  of	  the	  bit.	  The	  difference	  in	  the	  angle	  of	  the	  sides,	  retreating	  from	  the	   bit,	   is	   less	   extreme	   than	   some	   of	   the	   other	   artifacts,	   yet	   one	   side	   is	   still	  noticeably	  steeper	  in	  angle.	  The	  sample	  appears	  slightly	  coarser-­‐grained	  relative	  to	   other	   samples	   and	   is	   composed	   of	   green,	   black,	   and	   white	   grains	   that	   are	  visible	  to	  the	  naked	  eye.	  This	  sample	  also	  contains	  inclusions	  of	  a	  black	  metallic	  luster	  (most	  likely	  sulfides)	  that	  shimmer	  when	  they	  catch	  the	  light.	  
Reason	   for	   EMP	   selection:	   Although	   this	   material	   does	   shares	   some	   similar	  characteristics	  to	  other	  samples	  it	  also	  displays	  distinct	  characteristics	  that	  were	  not	  observed	  in	  any	  of	  the	  other	  samples.	  Therefore,	  it	  was	  not	  grouped	  with	  any	  of	   the	   other	   analyzed	   materials	   but	   was	   selected	   for	   EMP	   analysis	   due	   to	   its	  interesting	  and	  diagnostic	  features.	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   3.2.2	  Samples	  Descriptions	  not	  analyzed	  by	  EMP	  (in	  sequential	  order)	  	   	   3.2.2.1	  Sample	  1	  (S1)	  
	  
Figure	  18.	  Sample	  1	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  1	  (Figure	  18)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  its	   entirety	   that	   gradually	   curves	   toward	   the	   bit.	   A	   small	   part	   of	   the	   bit	   was	  preserved	   on	   the	   proximal	   side	   (left	   in	   photograph)	   along	   with	   a	   very	   small	  portion	   of	   the	   opposite	   ground-­‐edge	   of	   this	   artifact.	   The	   angle	   of	   this	   side,	  retreating	   from	   the	   bit,	  was	  much	   steeper	   than	   on	   the	   distal	   side.	   The	   sample	  originally	  appeared	   to	  be	  dark	  green	   in	  color	  and	  the	  surface	  of	   the	  distal	   side	  displayed	  a	   striated,	  whitish-­‐colored	  patina	   that	   could	  be	  mistaken	   for	  whitish	  colored	  inclusions.	  However,	  this	  patina	  is	   less	  noticeable	  on	  this	  sample	  when	  compared	  to	  some	  of	  the	  other	  artifacts	  of	  this	  group	  (S6’s	  group).	  This	  sample	  is	  extremely	   fine-­‐grained	   but	   does	   contain	   some	   grains	   that	   are	   visible	   to	   the	  naked	  eye.	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   3.2.2.2	  Sample	  2	  (S2)	  
	  
Figure	  19.	  	  Sample	  2	  –	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  and	  mounted	  sample	  in	  thin	  
section	  (right).	  
Description:	  Sample	  2	  (Figure	  19)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  most	   of	   its	   surface,	  which	   gradually	   curves	   toward	   the	   bit,	  with	  many	   smaller	  chips	  missing	  from	  this	  area	  around	  the	  bit.	  A	  small	  part	  of	  the	  bit	  was	  preserved	  on	  the	  proximal	  side	  (top	  right	  in	  photograph)	  along	  with	  a	  small	  portion	  of	  the	  opposite	  ground-­‐edge	  of	  this	  artifact.	  The	  angle	  of	  this	  side,	  retreating	  from	  the	  bit,	   was	   much	   steeper	   than	   on	   the	   distal	   side.	   Initially,	   the	   sample	   appeared	  darker	   green	   in	   color	   and	   the	   surfaces	   of	   the	   distal	   side	   displayed	   a	   striated,	  whitish	   colored	  patina	   that	   could	  be	  misidentified	   as	   inclusions	   in	   the	   sample.	  Many	  of	   the	  other	  artifacts	  of	   this	  group	  variably	  display	  a	  similar	  patina	  (S6’s	  group).	   Once	   a	   fresh	   surface	  was	   polished	   on	   this	   sample	   it	   revealed	   that	   the	  artifact	   was	   originally	   lighter	   green	   in	   color	   and	   contained	   inclusions	   or	  alteration	  zones	  of	  darker	  green	  areas,	  in	  an	  ovoid	  shape.	  Although	  this	  sample	  is	  more	  uniformly	  fine-­‐grained	  than	  the	  other	  samples	  in	  this	  group,	  the	  size	  of	  the	   grains	   in	   this	   material	   are	   still	   somewhat	   heterogeneous	   with	   larger	  inclusions	   visible	   to	   the	   naked	   eye.	   There	   is	   a	   higher	   concentration	   of	   larger	  grained	   inclusions	  on	  one	  side	  of	   the	   thin	  section	  sample,	  while	  other	  areas	  of	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the	   sample	   are	   extremely	   fine-­‐grained	   and	   contain	   almost	   no	   inclusions.	   This	  grain	   heterogeneity	   along	   with	   the	   apparent	   stratigraphy	   of	   some	   of	   the	  inclusions	  hints	  at	  a	  pyroclastic	  origin.	  	  	   	   3.2.2.3	  Sample	  3	  (S3)	  
	  
Figure	  20.	  Sample	  3	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  3	  (Figure	  20)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  a	  majority	  of	  its	  exterior	  that	  gradually	  curves	  toward	  the	  bit,	  where	  it	  becomes	  very	  fragmented.	  A	  small	  part	  of	  the	  bit	  was	  preserved	  on	  the	  proximal	  side	  (top	  center	  in	  photograph)	  along	  with	  a	  small	  portion	  of	  the	  opposite	  ground-­‐edge	  of	  this	   artifact.	   The	   angle	   of	   this	   side,	   retreating	   from	   the	   bit,	  was	  much	   steeper	  than	   on	   the	   distal	   side.	   This	   sample	   is	   lighter	   green	   than	   many	   of	   the	   other	  samples	  of	  its	  group	  and	  did	  not	  display	  the	  whitish-­‐colored	  patina	  that	  many	  of	  the	   similar	   artifacts	   variably	   display.	   	   This	   said,	   the	   sample	   is	   extremely	   fine-­‐grained	  but	  does	  contain	  white	  and	  black	  (oxides)	  inclusions	  that	  are	  visible	  to	  the	  naked	  eye	  in	  both	  hand-­‐sample	  and	  in	  thin	  section.	  This	  grain	  heterogeneity	  along	  with	  the	  apparent	  stratigraphy	  visible	  in	  part	  of	  the	  thin	  section	  hints	  at	  a	  pyroclastic	  origin	  (S6’s	  group).	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3.2.2.4	  Sample	  4	  (S4)	  
	  
Figure	  21.	  Sample	  4	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  4	  (Figure	  21)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  its	   entirety	   that	   gradually	   curves	   toward	   the	   bit,	   which	   is	   heavily	   fragmented	  (bottom	   left	   in	   photograph).	   A	   small	   part	   of	   the	   bit	   was	   preserved	   on	   the	  proximal	  side	  (bottom	  center	   in	  photograph)	  along	  with	  a	  small	  portion	  of	   the	  opposite	  ground-­‐edge	  of	  this	  artifact.	  The	  angle	  of	  this	  side,	  retreating	  from	  the	  bit,	  was	  much	  steeper	  than	  on	  the	  distal	  side.	  This	  sample	  is	  lighter	  green	  than	  many	  of	  the	  other	  samples	  of	  its	  group	  and	  displays	  the	  whitish-­‐colored	  patina	  that	  many	  of	  the	  other	  artifacts	  of	  this	  group	  variably	  display	  (S6’s	  group).	  The	  sample	  is	  extremely	  fine-­‐grained	  but	  does	  contain	  lighter	  and	  darker	  inclusions	  that	  are	  visible	  to	  the	  naked	  eye	  in	  both	  hand-­‐sample	  and	  in	  thin	  section.	  	  	  	  	  	  	  	  
	   64	  
	   	   3.2.2.5	  Sample	  5	  (S5)	  
	  
Figure	  22.	  Sample	  5	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  5	  (Figure	  22)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  its	   entirety	   that	   gradually	   curves	   toward	   the	   bit.	   A	   small	   part	   of	   the	   bit	   was	  preserved	  on	  the	  proximal	  side	  (right	  in	  photograph)	  along	  with	  a	  small	  portion	  of	   the	   opposite	   ground-­‐edge	   of	   this	   artifact.	   The	   angle	   of	   this	   side,	   retreating	  from	  the	  bit,	  was	  much	  steeper	  than	  on	  the	  distal	  side.	  The	  sample	  is	  dark	  green	  in	   color	  and	   the	   surface	  of	   the	  distal	   side	  displayed	  a	   striated,	  whitish-­‐colored	  patina	  similar	  to	  what	  many	  of	  the	  other	  artifacts	  of	  this	  group	  variably	  display	  (S6’s	   group).	   This	   sample	   is	   fine-­‐grained	   but	   does	   contain	   some	   lighter	   and	  darker	  inclusions	  that	  are	  visible	  to	  the	  naked	  eye.	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   3.2.2.6	  Sample	  7	  (S7)	  
	  
Figure	  23.	  Sample	  7	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  
(center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	   	  
Description:	  Sample	  7	  (Figure	  23)	  is	  a	  fragment	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  the	  artifact’s	  original	  ground	  surface	  along	  its	   entirety	   that	   gradually	   curves	   toward	   the	   bit.	   A	   small	   part	   of	   the	   bit	   was	  preserved	   on	   the	   proximal	   side	   (bottom	   in	   photograph)	   along	   with	   a	   small	  portion	  of	  the	  opposite	  ground-­‐edge	  of	  this	  artifact,	  with	  some	  small	  fragments	  missing.	  The	  angle	  of	  this	  side,	  retreating	  from	  the	  bit,	  was	  much	  steeper	  than	  on	  the	   distal	   side.	   The	   sample	   is	   green	   in	   color	   and	   the	   surface	   of	   the	   distal	   side	  strongly	   displays	   the	   striated,	   whitish	   colored	   patina,	   like	   many	   of	   the	   other	  artifacts	  of	  this	  group	  (S6’s	  group).	  This	  sample	  is	  fine-­‐grained	  but	  does	  contain	  some	  lighter	  and	  darker	  inclusions	  that	  are	  visible	  to	  the	  naked	  eye.	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   3.2.2.7	  Sample	  9	  (S9)	  
	  
Figure	  24.	  Sample	  9	  –	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  and	  the	  mounted	  sample	  in	  
thin	  section	  (right).	  
Description:	  Sample	  9	  (Figure	  24)	  is	  a	  fragment	  from	  the	  side	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  ground	  surfaces	  that	  extend	  over	  the	  edge	  from	  the	  ventral	  to	  dorsal	  sides	  of	  the	  artifact,	  with	  a	  large	  fragment	  missing	  (bottom	  in	  photograph).	  The	  proximal	  side	  is	  heavily	  fragmented	  and	  did	  not	  retain	  any	  of	  the	  original	  ground	  surface.	  This	  sample	  was	  difficult	  to	  characterize	  due	  to	  its	  unwashed	  state	  and	  the	  effects	  that	  weathering	  and	  oxidation	  had	  on	  its	  surface.	  With	  this	  said,	  the	  sample	  appeared	  to	  be	  brownish	  with	  areas	  of	  black	  showing	  through.	  Although	  the	  thin	  section	  photograph	  is	  reddish-­‐brown	  in	  color,	  when	  this	  sample	  was	  cut	  into	  the	  fresh	  surface	  exposed	  that	  this	  material	  was	  so	  dark	  brown	   that	   it	   has	   appeared	   almost	   black.	   Although	   this	   sample	   shares	   similar	  characteristics	  with	   S15,	   both	  of	  which	   are	   rather	  distinct	   in	   characteristics,	   it	  was	   deemed	   too	   fine-­‐grained	   to	   be	   selected	   for	   the	   EMP	   or	   to	   be	   reliably	  characterized	  using	  optical	  methods.	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3.2.2.8	  Sample	  11	  (S11)	  
	  
Figure	  25.	  Sample	  11	  –	  showing	  both	  sides	  of	  the	  fragment	  (left	  and	  center)	  and	  the	  mounted	  sample	  
in	  thin	  section	  (right).	  
Description:	  Sample	  11	  (Figure	  25)	  is	  a	  fragment	  from	  the	  central	  portion	  of	  a	  ground-­‐edge	  artifact.	  The	  two	  fractures	  on	  this	  fragment	  are	  very	  interesting	  in	  that	   both	   breaks	   run	   at	   an	   oblique	   angle	   through	   the	   artifact	   and	   are	  approximately	   parallel	   to	   each	   other.	   Between	   these	   two	   breaks,	   most	   of	   the	  original	  ground	  surface	  is	  still	  visible.	  This	  sample	  is	  green	  in	  color	  and	  the	  intact	  portions	   of	   the	   artifact’s	   surface	   vaguely	   display	   the	   striated,	   whitish-­‐colored	  patina	  like	  some	  of	  the	  other	  samples	  of	  this	  group	  variably	  display	  (S6’s	  group).	  Also,	  this	  artifact	  experienced	  other	  post-­‐depositional	  formations,	  which	  are	  the	  whitish	  colored	  growths	  that	  appear	  to	  be	  calcareous	  in	  origin	  (left	  photograph).	  The	  grain	  size	  of	  this	  sample	  is	  rather	  heterogeneous	  and	  the	  sample	  would	  be	  on	  the	  coarser-­‐grained	  end	  of	  the	  other	  samples	  from	  this	  group.	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   3.2.2.9	  Sample	  14	  (S14)	  
	  
Figure	  26.	  Sample	  14	  –	  showing	  distal	  side	  of	  the	  artifact	  (left),	  proximal	  side	  of	  the	  artifact	  (center),	  
and	  mounted	  sample	  in	  thin	  section	  (right).	  
Description:	  Sample	  14	  (Figure	  26)	  is	  a	  fragment	  from	  the	  side	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  polished	  surfaces	  that	  extend	  over	  the	  edge	  from	  the	  ventral	  to	  dorsal	  sides	  of	  the	  artifact.	  The	  proximal	  side	  is	  heavily	  fragmented	  with	  a	  variety	  of	  different	  fractured	  areas.	  This	  material	  is	  so	  dark	  green	  that	  it	  appears	  almost	  black.	  Upon	  cutting	  into	  the	  sample	  it	  was	  revealed	  how	  extremely	  fine-­‐grained	  this	  material	  was	  and	  that	  it	  contained	  alternating	  stratigraphy	  of	  green	  and	  black	  grains.	  A	  reddish	  colored	  oxidized	  ring	  can	  also	  be	  observed	  in	  the	  thin	  section	  sample	  (right	  photograph).	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   3.2.2.10	  Sample	  15	  (S15)	  
	  
Figure	  27.	  Sample	  15	  –	  showing	  distal	  side	  of	  the	  fragment	  (left),	  proximal	  side	  of	  the	  fragment	  
(center),	  and	  the	  mounted	  sample	  in	  thin	  section.	  
Description:	   Sample	  15	   (Figure	  27)	   is	   a	   rather	   ambiguously	   shaped	   fragment	  but	  appears	  to	  be	  from	  the	  side	  of	  a	  ground-­‐edge	  artifact.	  The	  distal	  side	  displays	  ground	  surfaces	  that	  extend	  over	  the	  edge	  from	  the	  ventral	  to	  dorsal	  sides	  of	  the	  artifact,	   with	   a	   large	   fragment	  missing	   (bottom	   in	   photograph).	   The	   proximal	  side	  is	  heavily	  fragmented	  and	  did	  not	  retain	  any	  of	  the	  original	  ground	  surface.	  This	   sample	   was	   difficult	   to	   characterize	   due	   to	   its	   unwashed	   state	   and	   the	  effects	   that	   weathering	   and	   oxidation	   had	   on	   its	   surface.	   With	   this	   said,	   the	  sample	  appeared	   to	  be	  brownish	   in	  color	  with	  areas	  of	  black	  showing	   through	  (top	   of	   left	   photograph).	   The	   thin	   section	   of	   this	   sample	   (right	   photograph)	   is	  reddish-­‐brown	   in	   color,	   but	   when	   this	   sample	   was	   mechanically	   polished	   the	  fresh	   surface	   exposed	   that	   the	   material’s	   color	   was	   so	   dark	   that	   it	   almost	  appeared	   to	  be	  black.	  Although	   this	   sample	   shares	   similar	   characteristics	  with	  S9,	  both	  of	  which	  are	  rather	  distinct	   in	  characteristics,	   it	  was	  deemed	  too	  fine-­‐grained	  to	  be	  selected	  for	  the	  EMP	  or	  to	  be	  reliably	  characterized	  using	  optical	  methods.	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   3.2.2.11	  Sample	  16	  (S16)	  
	  
Figure	  28.	  Sample	  16	  –	  showing	  both	  sides	  of	  the	  artifact	  (left	  and	  center)	  and	  the	  mounted	  sample	  
in	  thin	  section.	  
Description:	  Sample	  16	  (Figure	  28)	  is	  heavily	  fragmented	  sample	  that	  may	  have	  been	  fractured	  from	  the	  bit	  end	  of	  a	  ground-­‐edge	  tool.	  One	  side	  of	  the	  fragment	  has	   retained	   none	   of	   the	   original	   ground	   surface	   (left	   photograph).	   The	   other	  side	  of	  the	  fragment	  contains	  a	  small	  portion	  of	  ground	  surface	  (top	  left	  of	  center	  photograph).	  The	  sample	  is	  green	  colored	  and	  is	  heterogeneously	  grained	  with	  large	   inclusions	   or	   alteration	   zones	   of	   darker	   green	   areas,	   in	   an	   ovoid	   shape.	  There	  are	  higher	  concentrations	  of	  larger	  grained	  inclusions	  in	  some	  portions	  of	  the	   thin	   section	   sample	   than	   others.	   This	   grain	   heterogeneity	   along	   with	   the	  apparent	  stratigraphy	  of	  some	  of	  the	  inclusions	  hints	  at	  a	  pyroclastic	  origin	  (S6’s	  group).	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4.	   Results	  	  	  	  This	   chapter	   is	   dedicated	   to	   presenting	   the	   results	   from	   both	   the	   optical	  mineralogy	   and	   the	   electron	   microprobe	   analyses.	   These	   descriptions	   will	  primarily	   focus	   on	   the	   8	   EMP	   analyzed	   samples.	   The	   data	   collected	   from	   the	  electron	   microprobe	   will	   be	   presented	   as	   tables	   in	   Appendix	   2	   so	   that	  mineralogical	   and	   chemical	   characteristics	   of	   these	  materials	   are	   accessible	   to	  other	   researchers.	   Detailed	   petrology	   descriptions	   and	   rock	   types	   will	   be	  provided	   for	   the	   8	   electron	   microprobe	   samples;	   however,	   these	   will	   not	   be	  provided	   for	   the	   other	   11	   samples	   since	   they	   were,	   mostly,	   grouped	   in	   the	  previous	   section	   and	   not	   analyzed.	   Micrographs	   from	   the	   EMP	   along	   with	  micrographs	   of	   the	   samples	   in	   XPL	   will	   be	   presented	   to	   show	   the	   optical	  properties	  of	  these	  materials.	  In	  addition	  to	  these	  descriptions	  and	  rock	  names,	  the	   possible	   primary	   and	   secondary	   sources	   of	   these	   materials	   will	   also	   be	  discussed	  with	  reference	  back	  to	  chapter	  2	  and	  other	  literature.	  	  	  
4.1	  GREENSCHIST	  AND	  PREHNITE/PUMPELLYITE-­‐FACIES	  
	   4.1.1	   	  Sample	  6’s	  Petrology	  
	  
Figure	  29.	  Sample	  6	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	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Petrological	   description:	   (Figure	   29;	   Appendix	   2)	   This	   sample	   has	   the	  mineralogical	  assemblage	  of	  epidote/clinozoisite	  +	  albite	  +	  actinolite	  +	  chlorite	  +	  titanite	  +	  quartz.	  These	  larger	  inclusions	  are	  often	  altered	  and	  are	  present	  in	  an	  extremely	   fine-­‐grained	  matrix.	   Inclusions	   of	   both	   epidote	   and	   clinozoisite	   are	  found	   in	   this	   sample	   along	   with	   grains	   of	   albite	   that	   contain	   hydrous	   areas.	  There	  are	  also	  Fe-­‐	  and	  Cu-­‐rich	  silica	  inclusions	  inside	  of	  this	  sample,	  which	  may	  point	   to	   an	   origin	   in	   close	   relation	   to	   the	   sulfide	  mines	   of	   Central	   Dominican	  Republic.	   The	   mineralogical	   assemblage	   of	   this	   sample	   formed	   due	   to	  metamorphism-­‐metasomatism	   at	   greenschist-­‐facies	   conditions	   and	   was	   a	  metatuff	  in	  origin.	  
Rock	  name:	  Epidote	  Albite	  Actinolite	  Chlorite	  Metatuff	  
Primary/Secondary	   sources:	   This	   material	   is	   characteristically	   the	   most	  similar	  to	  the	  materials	  from	  the	  Maimón	  Belt,	  and	  other	  greenstone	  belts,	  of	  the	  
Cordillera	   Central	   and	   possibly	   Los	   Ranchos	   formation.	   The	   Fe	   and	   Cu-­‐rich	  inclusions	  likely	  exist	  because	  this	  rock	  formed	  in	  the	  areas	  near	  the	  sulfide	  rich	  parts	  of	  the	  Cordillera	  Central.	  Although	  these	  would	  be	  the	  primary	  source	  for	  this	   material,	   procurement	   from	   secondary	   sources	   would	   also	   be	   highly	  probable	   as	   there	   are	   many	   alluviums	   that	   exist	   around	   these	   formations	  (chapter	  2).	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   4.1.2	  	   Sample	  8’s	  Petrology	  
	  
Figure	  30.	  Sample	  8	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	  
Petrological	   description:	   (Figure	   30;	   Appendix	   2)	   This	   sample	   has	   the	  mineralogical	  assemblage	  of	  augite	  +	  albite	  +	  orthoclase	  +	  chlorite	  +	  pumpellyite	  +	  minor	  sphene	  olivine	  +	  accessory	  apatite	  and	  barite.	  In	  thin	  section	  the	  augite	  grains	   appear	   to	   be	   eaten	   away	   due	   to	   alteration	   that	   occurred	   when	   augite,	  olivine,	   and	   orthoclase	   grains	   were	   partially	   replaced	   by	   the	   fine-­‐grained	  serpentine,	  chlorite,	  and	  albite	  matrix	  of	  this	  material.	  The	  barites	  exist	  as	  small	  inclusions	  inside	  of	  the	  augite	  grains.	  This	  stone	  is	  metabasite	  in	  origin	  that	  has	  been	   lightly	   altered	   by	  metamorphism-­‐metasomatism	   in	   prehnite-­‐pumpellyite	  to	  lower	  greenschist-­‐facies	  conditions.	  	  
Rock	   name:	   Augite	   Albite	   Serpentine	   Pumpellyite	   Lower	   Greenschist	   to	  Prehnite-­‐Pumpeyllite-­‐facies	  metabasite	  
Primary/Secondary	   sources:	   This	   material	   appears	   to	   be	   characteristically	  most	   similar	   to	   the	   rocks	   from	   the	   Gaspar	   Hernández	   peridotite-­‐tectonites	  located	   in	   the	   Rio	   San	   Juan	   Complex	   of	   the	   Cordillera	   Septentrional	   (Escuder-­‐Viruete	  et	  al.	  2011b,	  486-­‐489;	  chapter	  2).	  However,	  other	  possible	  source	  areas	  do	   exist	   such	   as	   the	   lower	   greenschists	   and	   prehnite-­‐pumpellyite-­‐facies	  outcrops	   of	   the	   Cordillera	  Central	   and	   Los	   Ranchos	   greenbelt	   areas.	  With	   this	  said,	   these	   central	   source	   area	   are	   less	   likely	   for	   this	   particular	   sample’s	  assemblage	   due	   to	   the	   lack	   of	   any	   pyrite,	   other	   sulfides,	   or	   actinolite	   in	   this	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material,	  which	  seems	  to	  be	  rather	  characteristic	  of	  these	  central	  outcrops.	  Even	  though	  the	  differences	  in	  the	  mineralogical	  assemblage	  lend	  more	  support	  to	  a	  northern	   source	   it	   must	   be	   said	   that	   due	   to	   the	   other	   similar	   characteristics,	  which	   this	  material	   shares	  with	   other	  materials	   from	   the	   artifact	   assemblage,	  this	  central	  source	  option	  should	  not	  be	  entirely	  disqualified.	  If	  this	  material	  did	  come	  from	  an	  outcrop	  located	  in	  the	  Rio	  San	  Juan	  Complex	  then	  it	  would	  have	  to	  be	   procured	   from	   either	   the	   primary	   source	   areas	   or	   from	   secondary	   sources	  that	  are	  in	  close	  proximity	  to	  the	  complex.	  Due	  to	  the	  direction	  of	  the	  alluvium	  of	  this	   portion	   of	   the	  Cordillera	  Septentrional	   it	  would	   be	   highly	   unlikely	   for	   this	  material	   to	   find	   its	  way	  south	   in	  a	  secondary	  source.	   In	   the	   less	   likely	   instance	  that	   the	   material	   was	   from	   one	   of	   the	   greenstone	   belt	   sources	   of	   the	   central	  portion	  of	   the	  Dominican	  Republic	   then	   the	  alluviums	  of	   this	  area	  would	  be	   in	  closer	   proximity	   to	   El	   Cabo	   and	   secondary	   procurement	   would	   be	   more	  accessible.	  
	  
	   4.1.3	   Sample	  10’s	  Petrology	  
	  
Figure	  31.	  Sample	  10	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	  
Petrological	   description:	   (Figure	   31;	   Appendix	   2)	   This	   sample	   contains	   the	  mineralogical	  assemblage	  of	  epidote/clinozoisite	  +	  albite	  +	  actinolite	  +	  quartz	  +	  minor	   sphene	   +	   carbonate	   and	   accessory	   chalcopyrite.	   The	   slightly	   larger	  inclusions	   of	   this	   sample	   are	   set	   in	   an	   extremely	   fine-­‐grained	   matrix.	   The	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actinolite	   can	   be	   found	   as	   acicular	   crystals	   inside	   of	   this	   sample	   and	   random	  carbonate	   grains	   can	   be	   found	   throughout.	   The	   material	   appears	   to	   be	   a	  metabasite	   that	   experienced	   metasomatism-­‐metamorphism	   in	   greenschist-­‐facies	  conditions.	  
Rock	  name:	  Epidote	  Albite	  Actinolite	  metavolcanic	  rock	  
Primary/Secondary	   sources:	   Although	   this	   material	   was	   rather	   difficult	   to	  characterize	  it	  seems	  to	  be	  characteristically	  most	  similar	  to	  the	  materials	  from	  the	  Maimón	  and	  Amina	  Formations,	  or	  other	  parts	  of	  the	  greenstone	  belts	  that	  are	   in	   close	   proximity,	   due	   to	   the	   mineral	   assemblage	   and	   the	   inclusions	   of	  chalcopyrite	   that	   is	   characteristic	   of	   these	   sulfide	   rich	   outcrops.	   As	   already	  mentioned,	  if	  it	  was	  not	  from	  this	  formation	  then	  it	  was	  likely	  to	  be	  from	  one	  of	  the	  greenstone	  belts	  in	  central	  Dominican	  Republic	  that	  exist	  in	  close	  relation	  to	  the	  copper,	  gold	  and	  silver	  deposits	  (e.g.	  Pueblo	  Viejo).	  This	  material	  could	  have	  been	   procured	   from	   primary	   sources	   but	   it	   is	   highly	   likely	   that	   secondary	  sources	  of	  these	  materials	  would	  be	  available	  in	  the	  alluviums	  from	  this	  portion	  of	  the	  Cordillera	  Central	  and	  Los	  Ranchos	  formation	  (chapter	  2).	  
	  
	   4.1.4	   Sample	  18’s	  Petrology	  
	  
Figure	  32.	  Sample	  18	  -­‐	  	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	  
Petrological	   description:	   (Figure	   32;	   Appendix	   2)	   This	   sample	   contains	   the	  mineralogical	   assemblage	   of	   augite	   +	   (zoned)	   plagioclase	   +	   actinolite	   +	   quartz	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and	  accessory	  pyrite	  +	  chalcopyrite	  +	  magnetite	  +	  ilmenite.	  The	  high	  percentage	  of	   augite	   seems	   to	   hint	   at	   a	   metamorphic	   rock	   that	   stayed	   rather	   close	   to	  volcanic	  composition.	  The	  plagioclase	  that	  ranges	  from	  bytownite	  to	  labradorite	  in	  zoned	  grains	  also	  hints	  at	  this.	  However,	  the	  existence	  of	  actinolite	  seems	  to	  indicate	  that	  this	  is	  a	  metamorphic	  rock.	  Multiple	  sulfides	  and	  oxides	  exist	  in	  this	  sample	   including	   pyrite,	   chalcopyrite,	   magnetite	   and	   ilmentite.	   This	   material	  contains	   no	   clear	   grain	   orientation	   that	   would	   also	   seem	   to	   identify	   it	   as	   a	  volcanic	   rock,	  however	   the	  most	   likely	   source	   for	   this	  material	   is	   composed	  of	  metamorphic-­‐metasomatic	  rocks	  that	  often	  retain	  their	  original	  textures.	  
Rock	  name:	  Augite	  Plagioclase	  Actinolite	  (Chalco)Pyrite	  Metabasite	  
Primary/Secondary	  sources:	  This	  material	  seems	  to	  be	  characteristically	  most	  similar	  to	  materials	  from	  the	  Maimón	  formation	  and	  the	  other	  greenstone	  belts	  of	   the	   central	   part	   of	   the	   Dominican	   Republic.	   The	   mineral	   assemblage	   and	  sulfides	   inside	   the	  material	   seem	  to	  hint	  at	   this	  area	  as	   the	  source	  outcrops.	   If	  not	   this	   source	   then	   it	   is	   likely	   that	   this	  material	   came	   from	   one	   of	   the	   other	  nearby	  greenstone	  belts,	  especially	  the	  ones	  that	  are	  in	  close	  proximity	  to	  sulfide	  deposits.	   These	   materials	   would	   have	   been	   available	   in	   primary	   sources	   and	  probably	  the	  alluviums	  of	  these	  outcrops	  in	  this	  area	  of	  the	  Dominican	  Republic.	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4.2	  BLUESCHIST-­‐FACIES	  
4.2.1	   Sample	  13’s	  Petrology	  
	  
Figure	  33.Sample	  13	  -­‐	  	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	  
Petrological	   description:	   (Figure	   33;	   Appendix	   2)	   This	   sample	   has	   the	  mineralogical	   assemblage	   of	   lawsonite	   +	   omphacite	   +	   glaucophane	   +	   albite	   +	  paragonite	   with	   lesser	   quantities	   of	   sphene	   and	   accessory	   zircon	   +	   apatite	   +	  rutile.	   The	   omphacite	   is	   Na-­‐rich	   and	   Ca-­‐poor,	   which	   may	   suggest	   that	   it	   was	  changing	   from	  the	   relict	  augite	   to	   jadeite	  and/or	  Na-­‐amphibole	   (glaucophane).	  Tiny	  inclusions	  of	  rutile	  can	  be	  found	  in	  the	  sphene	  and	  it	  was	  deduced	  that	  the	  zircons	   were	   inherited	   when	   parent	   was	   magmatic.	   This	   mineralogical	  assemblage	   is	  highly	  diagnostic	   to	  establish	   this	   rock	  as	  metabasite	   (basalt)	   in	  origin	   that	   was	   metamorphosed	   at	   blueschists-­‐facies	   conditions	   (low-­‐temperature	  and	  high-­‐pressure).	  
Rock	  name:	  Lawsonite	  Omphacite	  Glaucophane	  Blueschist	  
Primary/Secondary	  source:	  This	  material	  is	  characteristically	  most	  similar	  to	  either	  the	  high-­‐pressure	  schists	  of	  the	  Jaguar	  Clara	  mélange	  in	  the	  Rio	  San	  Juan	  Complex	   or	   the	   high-­‐pressure	   schists	   of	   the	   Samaná	   Complex	   in	   the	   northern	  
Cordillera	   Septentrional.	   This	  material	   would	   have	   to	   be	   procured	   from	   either	  the	   primary	   sources	   or	   secondary	   sources	   that	   are	   in	   close	   proximity	   to	   the	  primary	  sources.	  Due	  to	  the	  locations	  of	  the	  alluviums	  in	  these	  areas	  it	  is	  highly	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unlikely	  for	  any	  materials	  from	  this	  area	  to	  have	  made	  their	  way	  south	  via	  rivers	  or	  alluviums.	  	  	   4.2.2	   Sample	  17’s	  Petrology	  
	  
Figure	  34.	  Sample	  17	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  
in	  XPL	  (right).	  
Petrological	   description:	   (Figure	   34;	   Appendix	   2)	   The	   mineralogical	  assemblage	   identified	   in	   the	   material	   consists	   of	   jadeite	   +	   omphacite	   +	  glaucophane	  +	  phengite	  +	  plagioclase	  +	   chlorite	   and	  minor	   sphene	  +	   apatite	  +	  zircon	   and	   possibly	   scapolite.	   	   The	   inclusions	   of	   jadeite	   are	   visible	   as	   veins	  running	   throughout	   the	   sample	   on	   EMP	   micrographs	   (left	   micrograph).	  Chemical	   compositions	  show	  areas	  where	   the	  omphacite	  grains	  are	  altering	   to	  jadeite,	  and	  likely	  started	  out	  as	  augite	  grains.	  The	  anorthite	  in	  the	  sample	  was	  experiencing	   albitization,	   changing	   it	   to	   albite.	   The	   titanite	   grains	   exist	   as	  inclusions	   in	  glaucophane	  and	   in	  other	  areas	  as	  sphene	  with	  zircon	   inclusions.	  Sulfides	  with	  oxidized	  outer	  rims	  can	  also	  be	   found	   in	   the	  sample.	  This	  rock	   is	  most	   likely	   metagraywacke	   or	   metabasite	   that	   through	   metasomatism-­‐metamorphism	  experienced	  blueschist	   facies	   conditions	   (low	   temperature	   and	  high	  pressure).	  
Rock	  name:	  This	  material	  is	  characteristically	  similar	  to	  the	  “impure	  jade”	  and	  the	  material	  known	  as	   jadeite-­‐omphacite	  rock	  (Knippenberg	  et	  al.	  unpublished	  presentation;	   Garcia	   et	   al.	   2008,	   2;	   2013)	   but	   for	   field	   identification	   and	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diagnostic	   purposes,	   of	   this	   particular	   sample,	   it	   may	   also	   be	   known	   as:	  Omphacite	  Jadeite	  Glaucophane	  Phengite	  Blueschist.	  
Primary/Secondary	  source:	  This	  material	  is	  characteristically	  most	  similar	  to	  materials	  from	  the	  “impure	  jade”	  and	  jadeite-­‐omphacite	  outcrops	  of	  the	  Rio	  San	  Juan	   Complex,	   which	   have	   recently	   been	   located	   and	   described	   (Schetl	   et	   al.	  2007,	  Baese	  et	  al.	  2007;	  Garcia	  et	  al.	  2008;	  Garcia	  et	  al.	  2013;	  Knippenberg	  et	  al.	  unpublished	   presentation).	   This	   location	   in	   the	   northern	   Cordillera	  
Septentrional,	   with	   alluviums	   that	   fall	   towards	   the	   northern	   coast,	   make	   it	  extremely	   unlikely	   that	   these	   materials	   were	   transported	   in	   secondary	   river	  sources	   to	   the	   south	   (chapter	   2).	   Therefore,	   this	   material	   would	   have	   to	   be	  either	   procured	   in	   primary	   sources	   or	   from	   secondary	   sources	   in	   close	  proximity	  to	  the	  primary	  source.	  	  
4.3	  AMPHIBOLITE-­‐FACIES	  	   4.3.1	   Sample	  19’s	  Petrology	  
	  
Figure	  35.	  Sample	  19	  -­‐	  Micrograph	  showing	  zoned	  amphibole	  areas	  (hornblende/actinolite)	  and	  the	  
zoned	  plagioclase	  areas	  (bytownite	  to	  andesine).	  The	  lighter	  shaded	  grain	  in	  the	  left	  of	  the	  
micrograph	  is	  magnetite	  (most	  white)	  with	  ilmenite	  (slightly	  darker	  white/gray)	  and	  ilmenite	  
(darker)	  alteration	  areas.	  (The	  contrast	  of	  this	  image	  has	  been	  slightly	  increased	  to	  provide	  a	  better	  
visual	  of	  the	  zoning	  areas)	  
Petrological	   description:	   (Figure	   35;	   Appendix	   2)	   This	   sample	   is	   primarily	  composed	  of	  zoned	  amphiboles	  (hornblende/actinolite)	  and	  zoned	  plagioclases	  (bytownite	   to	   andesine).	   	   Therefore,	   a	   simplified	   description	   of	   this	   material	  would	   be	   a	   mineralogical	   assemblage	   of	   (zoned)	   amphiboles	   +	   (zoned)	  plagioclase	   +	   diopside	   and	   minor	   magnetite	   +	   rutile	   +	   ilmenite	   +	   sphene	   +	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quartz.	  The	  zoned	  areas	  of	   the	  plagioclase	  are	  more	  Ca-­‐rich	  (bytownite)	   in	   the	  core	  and	  become	  more	  Na-­‐rich	  (andesine)	  towards	  the	  rim	  of	  the	  grains,	  both	  of	  which	  are	  the	  usual	  plagioclases	  found	  in	  amphibolite	  (Mottana	  et	  al.	  1978,	  363).	  During	  the	  EMP	  analyses	  of	  this	  sample,	  it	  was	  deduced	  that	  the	  Na-­‐rich	  potion	  is	   what	   was	   left	   of	   the	   melt	   after	   the	   (Ca-­‐rich)	   center	   of	   the	   mineral	  recrystallized.	   The	   zoned	   areas	   of	   the	   amphiboles	   are	   not	   as	   uniform	   with	  variable	   chemically	   ambiguous	  hornblende-­‐actinolite	   grains	   throughout.	   These	  amphibole	   grains	   contain	   small	   inclusions	   of	   feldspar	   (orthoclase/microcline)	  and	  Cl-­‐rich	  apatite.	  The	  existence	  of	  diopside	  in	  this	  material	  hints	  at	  formation	  in	  amphibolite-­‐facies	  conditions.	  Also,	   inclusions	  of	  magnetite	  can	  be	  observed	  that	   exist	   in	   a	   close	   relationship	   with	   inclusions	   of	   rutile	   and	   ilmenite;	   the	  ilmenite	   is	   changing	   to	   rutile,	   or	   vice	   versa,	  with	   both	   intergrained	  within	   the	  magnetite	   grains	   (Figure	  35,	   left	  micrograph).	   	  The	  origin	  of	   this	  material	  was	  most	  likely	  recrystallized	  basalt	  that	  with	  metasomatism-­‐metamorphism	  altered	  to	  lower	  amphibolite-­‐facies,	  while	  retaining	  the	  texture	  of	  its	  protoliths.	  	  
Rock	  name:	  Hornblende/Actinolite	  Plagioclase	  Diopside	  Amphibolite	  	  	  
Primary/Secondary	  source:	   	  This	  material	  is	  characteristically	  most	  similar	  to	  materials	  from	  the	  Rio	  Verde	  Complex	  in	  the	  lower	  pressure	  amphibolite	  area	  of	  the	  Cordillera	  Central,	  the	  zoning	  of	  plagioclase	  and	  hornblende	  is	  characteristic	  of	   amphibolites	  n	   this	   area	   (Escuder-­‐Viruete	   et	   al	   2010,	   172).	  Although	   this	   is	  the	  primary	  source	  of	  the	  material	  it	  is	  also	  likely	  that	  this	  material	  was	  collected	  from	   secondary	   sources	   nearby	   such	   as	   the	   alluviums	   to	   the	   east	   of	   the	  
Cordillera	  Central.	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4.4	  ECLOGITE-­‐FACIES	  	   4.4.1	   Sample	  12’s	  Petrology	  
	  
Figure	  36.	  Sample	  12	  -­‐	  Micrograph	  showing	  prograding	  garnet	  in	  EMP	  (left)	  and	  micrograph	  
showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Petrological	   Description:	   (Figure	   36;	   Appendix	   2)	   This	   sample	   has	   the	  mineralogical	   assemblage	   of	   omphacite	   +	   almadine	   (garnet)	   +	   glaucophane	   +	  phengite	   (mica)	   +	   clinozoisite/epidote	   +	   pyrite	   +	   quartz	   +	   sphene	   +	   minor	  sphalerite	   (zinc	   sulfide),	   apatite.	   The	   almadine	   garnet	   porphyroblasts	   are	  approximate	  1-­‐2mm	  in	  diameter	  and	  are	  set	  in	  a	  finer	  grained	  green	  and	  black	  groundmass,	   with	   a	   preferred	   orientation	   and	   obvious	   foliation	   around	   the	  garnets.	  These	  garnets	  display	  cores	  with	  prograde	  zoning	  (Ca-­‐rich	  and	  Mg-­‐poor	  center	   with	   Mg	   content	   increasing	   towards	   rim)	   and	   contain	   inclusions	  (unfortunately	  these	  were	  not	  identified	  with	  the	  EMP	  or	  optical	  mineralogy	  but	  could	   possibly	   be	   lawsonite	   +	   omphacite	   +/-­‐	   glaucophane	   +	   quartz).	   Epidote	  inclusions	  can	  also	  be	  observed	  in	  the	  rims	  of	  these	  garnets	  and	  in	  other	  parts	  of	  the	  matrix.	  Although	  rutile	  was	  not	  located	  in	  the	  matrix	  during	  optical	  and	  EMP	  analyses,	  there	  is	  plenty	  of	  sphene	  (titanite)	  that	  may	  have	  partially	  replaced	  the	  rutile,	   or	   it	  may	  have	   just	  been	  overlooked.	  The	  pyrite	   in	   this	   sample	   contains	  altered	   holes	   that	   are	   filled	   with	   inclusions,	   including	   sphalerite	   and	   apatite;	  these	   pyrite	   inclusions	   are	   responsible	   for	   the	   shimmering	   golden	   flecks	  described	   in	   the	   previous	   chapter.	  Minor	   quantities	   of	   apatite	   and	   zircons	   are	  also	   present	   in	   the	   sample.	   This	   material	   was	   likely	   metabasite	   (basaltic)	   in	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origin	   that	   experienced	   metamorphism-­‐metasomatism	   at	   eclogite-­‐facies	  conditions	   that	   may	   or	   may	   not	   have	   experienced	   some	   retrograding	   of	   the	  assemblage	  during	  exposure.	  	  
Rock	  name:	  Almadine	  Omphacite	  Glaucophane	  Epidote	  Pyrite	  Eclogite	  
Primary/Secondary	  Source:	  This	  material	  is	  characteristically	  most	  similar	  to	  the	  “altered	  blocks”	  of	  eclogite	  from	  the	  Samaná	  Complex,	  which	  is	  described	  by	  Sorensen	   et	  al.	   (1997,	   7-­‐10)	   and	   is	   further	   described	   by	   other	   researcher	   and	  previous	   chapters	   (Goncalves	   et	   al.	   2000;	   Tsujimori	   et	   al.	   2006;	   chapter	   2).	  These	   materials	   are	   eclogite	   rocks	   that	   contain	   high	   quantities	   of	   sulfides	  (pyrite)	   materials	   that	   are	   surrounded	   by	   other	   eclogites	   without	   these	  inclusions.	   Another	   less	   likely	   source	   would	   be	   the	   high-­‐pressure	   eclogite	  outcrops	   of	   the	   Rio	   San	   Juan	   Complex;	   however,	   these	   materials	   are	   less	  characteristically	   similar.	   With	   this	   said,	   both	   of	   the	   possible	   outcrops	   of	  primary	   sources	   are	   on	   the	   northern	   side	   of	   the	   island	   and	   the	   secondary	  sources	  of	   these	  materials	  only	  can	  be	   found	   in	  close	  proximity	   to	   the	  primary	  sources.	   For	   either	   of	   these	   sources	   it	   would	   be	   extremely	   unlikely	   that	   this	  material	  would	  have	  made	  its	  way	  to	  secondary	  locations	  in	  the	  south,	  via	  rivers	  and	  alluviums.	  	  
4.5	  DISCUSSION	  Although	  it	  has	  not	  been	  possible	  to	  completely	  locate	  the	  source	  of	  every	  one	  of	  these	   lithic	  materials	  with	   100%	   accuracy	   this	   analysis	   has	   shown	   that	   the	   El	  Cabo	   artifact	   assemblage	   does	   have	   a	   rather	   varied	   assemblage	   of	   stone	  materials	  that	  come	  from	  a	  variety	  of	  different	  possible	  source	   locations.	  Some	  of	   these	  materials,	  such	  as	   those	   from	  the	  greenstone	  belt,	  appear	  to	  be	  rather	  common	  and	  widespread,	  therefore	  making	  it	  more	  difficult	  to	  trace	  their	  exact	  provenance.	  On	  the	  other	  hand,	  the	  materials	  that	  come	  from	  the	  high-­‐pressure	  regions	   of	   the	   northern	  Dominican	  Republic	   are	   highly	   diagnostic	   in	   that	   they	  come	  from	  a	  very	  distinct	  source	  of	  materials	  and	  have	  rather	  obvious	  physical	  features.	   It	   seems	   that	   a	   large	   percentage	   of	   the	   El	   Cabo	   ground-­‐edge	   artifact	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assemblage	  are	  composed	  of	  the	  relatively	  similar	  metabasite-­‐metatuffs	  that	  are	  characterized	  by	  S6’s	  group.	  The	  other	  more	  characteristically	  distinct	  materials	  make	   up	   a	   much	   lesser	   percentage	   of	   the	   total	   assemblage	   (sometimes	  represented	  by	  a	  single	  artifact	  fragment).	  With	  this	  said,	  direct	  procurement	  of	  these	   latter	  materials	  may	  have	  been	  more	  difficult	   for	  the	  El	  Cabo	   inhabitants	  than	  the	  greenbelt	  materials.	  The	  northern	  rock	  sources	  exist	  much	  farther	  away	  from	  the	  El	  Cabo	  site	  than	  the	  greenbelt	  materials,	  with	  their	  closer	  alluviums.	  In	  the	   case	   of	  materials	   from	   the	   Samaná	  Complex	   the	   stone	  materials	  may	  have	  only	  been	  directly	  accessible	  by	  a	  cross-­‐country	  journey	  through	  many	  different	  environments	  or	  by	  a	  canoe	  trip	  along	  the	  eastern	  coast.	  This	   latter	  method	  of	  travel	  seems	  rather	  probable	  since	  the	  Amerindians	  of	  El	  Cabo	  were	  very	  water	  based	  and,	  as	  was	  described	  in	  chapter	  1,	  were	  well	  established	  in	  a	  coastal	  and	  inland	  network	  (Samson	  2010).	  	  This	  topic	  and	  the	  possibilities	  for	  exchange	  will	  be	  elaborated	  upon	  more	   in	  chapter	  6.	  The	  next	  chapter	  will	  diverge	   from	  this	  discussion	  of	  geologic	  research	  and	  source	  locations	  and	  will	  instead	  delve	  into	  the	   ethnographic,	   ethnohistoric,	   and	   archaeological	   research	   that	   has	   been	  conducted	   in	   this	   region,	   and	   elsewhere,	   detailing	   greenstone	   procurement,	  ground-­‐edge	   artifact	   manufacture	   and	   rituals	   related	   to	   the	   procurement	   of	  these	  and	  other	  materials.	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5.	  	   Ritualized	   Raw	   Material	   Procurement:	   case	  
studies	   from	   the	   insular-­‐Caribbean,	   Amazonia	  
and	  Papua	  New	  Guinea	  
	  
	  
	  It	   has	   often	   been	   argued	   that	   with	   regards	   to	   the	   past,	   and	   even	   some	  contemporary	   cultures,	   there	   is	   little	   to	   no	   separation	   between	   the	   utilitarian	  world	  and	  the	  spiritual/ritual	  world	  when	  it	  comes	  to	  the	  manufacture	  and	  use	  of	   artifacts.	   This	   chapter	   wishes	   to	   explore	   this	   phenomenon	   with	   regards	   to	  ritualized	   lithic	   —	   more	   specifically	   ground-­‐edge	   artifacts	   —	   raw	   material	  procurement	   that	   may	   have	   occurred	   during	   pre-­‐Columbian	   and	   post-­‐Columbian	   times	   of	   the	   insular-­‐Caribbean.	   Obviously,	   these	   rituals	   and	  procurement	  strategies	  were	  not	  documented	  during	  pre-­‐Columbian	  times,	  and	  very	   little	   ethnohistoric	   documentation	   was	   collected	   on	   this	   subject	   during	  post-­‐Columbian	   times.	   Therefore,	   this	   chapter	   will	   discuss	   ethnohistoric	  accounts	  and	  archaeology	  of	  other	  types	  of	  raw	  material	  procurement,	  and	  the	  involved	   ritualized	  practices,	   on	   the	  Dominican	  Republic	   and	   elsewhere	   in	   the	  insular-­‐Caribbean.	   Also,	   ethnographic	   case	   studies	   will	   be	   presented	   from	  lowland	  South	  America	  based	  on	  the	  understand,	  which	  many	  researchers	  have	  argued	   (e.g.	   Boomert	   2000;	   2001;	   2007;	   Heckenberger	   2002;	   2013;	  Heckenberger	   and	   Petersen	   1999;	   Oliver	   1989;	   Rodriguez	   Ramos	   et	   al.	   2013;	  Roe	  1982;	  1997;	  Siegel	  2010;	  Wilson	  2007),	   that	   the	  pre-­‐Columbian	  Caribbean	  island	  inhabitants	  were	  descendants	  from	  the	  Arawakan	  linguistic	  group,	  whose	  descendants	   still	   live	   in	  modern	   day	   lowland	   South	   American,	   and	   shared	   the	  socio-­‐cultural,	   cosmological,	   and	   ontological	   beliefs	   of	   this	   region.	   However,	  before	  delving	   into	   these	  above-­‐mentioned	  case	   studies	  ethnographic	   research	  related	   to	  metamorphic	  ground-­‐edge	  artifact	   raw	  material	  quarrying,	   from	   the	  better	  documented	  country	  of	  Papua	  New	  Guinea,	  will	  be	  presented	  to	  be	  used	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in	   juxtaposition	   to	   the	   more	   spatially	   and	   temporally	   relevant	   ethnohistoric,	  ethnographic	   and	   archaeological	   sources	   from	   lowland	  South	  America	   and	   the	  insular-­‐Caribbean.	  Direct	  comparison	  between	  these	  distinct	  cultures	  will	  not	  be	  made	   but	   these	   different	   regions	   will	   be	   used	   to	   discern	   what	   could	   have	  occurred	   in	   the	   search	   for	   rituals	   of	   ground-­‐edge	   artifact	   raw	   material	  procurement	  in	  the	  insular-­‐Caribbean	  and	  the	  Dominican	  Republic.	  The	  goal	  of	  this	  chapter	  is	  to	  bring	  attention	  to	  this	  relatively	  unexplored	  area	  for	  research	  and	  to	  establish	  a	  precursor	  for	  the	  direction	  that	  the	  researcher	  could	  continue	  in	  future	  research.	  	  
5.1	  ETHNOGRAPHIC	  EVIDENCE:	  PAPUA	  NEW	  GUINEA	  Although	  it	  would	  be	  too	  difficult	  to	  describe	  in	  its	  entirety,	  an	  ethnographic	  case	  study	   from	   Burton’s	   (1984)	   research	   with	   the	   Tungei	   tribes15	  of	   Papua	   New	  Guinea	   depicts	   a	   relatively	   well-­‐documented	   ritual	   connected	   to	   lithic	   raw	  material	  procurement	  in	  this	  region.	  This	  case	  study	  can	  then	  be	  used	  as	  a	  sort	  of	  ‘baseline’	   to	   be	   juxtaposed	   for	   possibilities	   of	   lithic	   procurement	   rituals	   in	   the	  insular-­‐Caribbean.	  The	  lithic	  materials	  used	  by	  the	  Tungei	  tribes	  to	  manufacture	  their	   ground-­‐edge	   artifacts16	  were	   rather	   characteristically	   similar,	   in	   color,	  grain	  size	  and	  hardness,	  as	  many	  of	  their	  counterparts	  that	  were	  used	  in	  lowland	  South	  America	   and	   the	   insular-­‐Caribbean,	   including	  many	  of	   those	   studied	   for	  this	   thesis.	   Furthermore,	   the	   ground-­‐edge	   artifacts	   manufactured	   from	   these	  metamorphic	  stones	  were	  not	  only	  used	  as	  multi-­‐functional	  tools	  but	  could	  also	  have	  served	  as	  personal	  adornments	  and	  exchange	  goods	  of	  extreme	  value	  in	  all	  three	  of	  these	  regions	  which,	  at	  least	  partially,	  explains	  for	  the	  selection	  of	  case	  studies	  from	  these	  distinct	  cultures	  (Boomert	  2000;	  Burton	  1984;	  Pétrequin	  and	  Pétrequin	  1993;	  Roth	  1924).	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  15	  Horticulturalists	   that	   grow	   subsistent	   crops	   such	   as	   sweet	   potatoes	   and	   raise	   pigs	   for	  subsistence	  (Burton	  1984).	  16	  The	  rocks	  that	  were	  used	  by	  the	  Tungei	  are	  fine-­‐grained	  greenish	  colored	  actinolite-­‐epidote-­‐albite	  hornfels.	  	  These	  materials	  can	  take	  an	  extremely	  good	  edge	  when	  sharpened.	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As	  stated	  above,	   it	  will	  be	  near	   impossible	   to	  comprehensively	  describe	  the	   Tungei’s	   specific	   rituals	   associated	   with	   rock	   and	   stone	   material	  procurement	  but	  a,	  relatively,	  brief	  summery	  must	  at	  least	  be	  provided.	  Burton	  states:	   “Nowhere	   were	   these	   operations	   directed	   by	   a	   central	   authority;	   they	  were	  co-­‐operative	  ventures	  in	  so-­‐called	  egalitarian,	  tribal	  societies”	  (1984,	  234).	  The	  quarrying	  of	   these	  materials	  were	   conducted	  exclusively	  as	  a	  group	  effort	  involving	  multiple	  sub-­‐tribes	  and	  three	  different	  quarry	  areas,	  each	  located	  on	  a	  different	  clan’s	  territory.	  When	  it	  was	  mutually	  decided	  that	  there	  was	  a	  need	  for	  new	  stone	  materials	  to	  be	  quarried	  every	  adult	  male17	  would	  leave	  for	  one	  of	  the	  three	  quarry	  sites	  and	  as	  a	  group	  would	  construct	  a	  temporary	  habitation	  camp	  near	   to	   the	   quarries.	   The	  men	  would	   reside	   during	   the	   entire	   duration	   of	   the	  expedition	   in	   this	   temporary	   camp	   that	   was,	   at	   least	   partially,	   enclosed	   by	   a	  screen	  fence,	  known	  as	  a	  teper,	  to	  block	  the	  view	  from	  outsiders.	  This	  teper	  was	  constructed	   to	   help	   enforce	   a	   strict	   segregation	   from	   all	   things	   feminine,	  including	  women,	  who	  were	  forbidden	  to	  enter	  the	  enclosure	  or	  meet	  with	  their	  husbands	  directly.	  However,	  the	  quarrymen	  were	  still	  supplied	  with	  food18	  that	  their	  wives	  brought	  to	  them	  daily.	  These	  food	  supplies	  would	  be	  brought	  to	  the	  
teper	   and	  placed	  outside	  on	  a	   set	  of	  wooden	  platforms.	  Cooking	  was	  not	  done	  communally	   due	   to	   the	   fear	   that	   some	   of	   the	   individuals’	   food	   might	   have	  become	  tainted	  or	  poisoned	  from	  feminine	  contact	  (Burton	  1984).	  Eventually,	  a	  general	  agreement	  would	  be	   reached	  among	   the	  men	  of	  each	  quarry	  area	   that	  every	  man	  was	  satisfied	  with	  his	  portion	  of	  quarried	  stone	  materials.	  Once	  this	  was	   resolved	   the	  men	  would	  decide	  on	  a	  day	   for	   their	   re-­‐emergence	   from	   the	  quarry	   camps.	   The	   word	   of	   this	   selected	   date	   would	   make	   its	   way	   down	   the	  valley	   to	   the	   women	   who	   would	   bring	   several	   pigs 19 	  to	   the	   camp	   for	   a	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  17	  Except	  for	  two	  adult	  males	  that	  would	  be	  kept	  in	  strict	  spiritual,	  dietary	  and	  female	  avoidance	  practices	  to	  keep	  the	  clan	  on	  good	  terms	  with	  the	  spirit	  custodians	  of	  the	  stone	  resource	  (Burton	  1984).	  18	  The	  women	  took	  extreme	  care	  in	  not	  touching	  the	  sweet	  potatoes	  that	  they	  brought	  because	  a	  woman’s	  touch	  would	  cause	  contaminate	  of	  the	  food	  supply.	  In	  addition	  to	  this,	  the	  men	  would	  not	  consume	  pork,	  which	  is	  seen	  as	  feminine,	  during	  this	  time.	  19	  These	  pigs	  would	  now	  be	  acceptable	  to	  consume	  since	  the	  ritual	  had	  come	  to	  an	  end	  and	  the	  strict	  feminine	  segregation	  would	  no	  longer	  be	  necessary.	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celebratory	  pig	  kill.	  These	  women	  would	  then	  arm	  themselves	  with	  sticks	  and	  at	  the	   ritually	   appropriate	   time	   break	   down	   the	   teper	   and	   attack	   the	   camps	   and	  beat	   everything	   that	   was	   around	   them,	   including	   the	   men.	   Burton	   (1984)	  explains	  that	  the	  overt	  purpose	  of	  this	  practice	  was	  to	  chase	  away	  and	  to	  banish	  underground	   the	   spirit-­‐sisters	  with	  which,	  up	   to	   that	  point,	   the	  men	  had	  been	  cohabitating.	   When	   this	   was	   finished	   the	   women	   would	   burn	   the	   men’s	  temporary	  houses	  in	  the	  camps	  and	  then	  collect	  the	  men’s	  raw	  materials	  in	  net-­‐bags	  to	  be	  carried	  to	  the	  their	  more	  permanent	  settlements	  (Burton	  1984).	  This	  ethnographically	  documented	  ritual	  appears	   to	  be	   the	  “perfect”	  example	  of	   the	  existence	  of	  rituals	  attached	  to	  stone	  raw	  material	  procurement.	  With	  this	  said,	  it	  does	  not	  seem	  to	  be	  too	  presumptuous	  to	  speculate	  that	  these	  type	  of	  rituals	  also	  existed	  in	  lowland	  South	  America	  and	  finally:	  the	  insular-­‐Caribbean.	  As	  the	  next	   sections	  will	   further	  detail	   evidence	   for	   rituals	   related	   to	  procurement	  of	  other	  materials	  has	  been	  ethnographically	  and	  ethnohistorically	  documented	  in	  these	  areas	  and	  will	  supplemented	  by	  archaeology	  of	  this	  region.	  	  
5.2	   ETHOGRAPHIC,	   ETHNOHISTORIC,	   AND	   ARCHAEOLOGICAL	  
EVIDENCE	   FROM	   LOWLAND	   SOUTH	   AMERICA	   AND	   THE	   INSULAR-­‐
CARIBBEAN	  Unfortunately,	  the	  ethnographic	  evidence	  from	  lowland	  South	  America	  seems	  to	  be	  rather	  scarce	  on	  the	  topic	  of	  ground-­‐edge	  artifacts	  raw	  material	  procurement	  and,	  at	  least	  so	  far,	  this	  researcher	  has	  not	  located	  any	  information	  on	  the	  rituals	  attached	   to	   these	   materials’	   procurement	   in	   this	   area.	   However,	   Roth	   (1924)	  documents	   that	   the	   “celts”	   used	   by	   the	   Amazonian	   Amerindian	   people	   were	  manufactured	  by	  at	  least	  two	  methods:	  1)	  by	  grinding	  down	  various	  fragments	  broken	   from	   larger	   rocks,	   which	   could	   be	   described	   as	   quarrying,	   and	   2)	   the	  grinding	   of	   water-­‐worn	   pebbles	   that	   were	   already	   close	   to	   the	   shape	   of	   the	  finished	   product	   (Figure	   37).	   This	   raises	   the	   question:	   were	   these	   materials	  being	  collected	  in	  a	  ritual	  setting	  or	  were	  they	  just	  collected	  randomly	  when	  an	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individual	   felt	   it	   was	   necessary	   to	   manufacture	   a	   new	   tool?
	   	  
Figure	   37.	   Photographs	   showing	   ethnographic	   examples	   of	   primary	   raw	   material	   procurement	  
(left)	   and	   secondary	   raw	  material	   procurement	   (right)	   by	   indigenous	   communities	   of	   Indonesia	  
(from	  Pétrequin	  and	  Pétrequin	  1993).	  Archaeological	   evidence	   from	   Knippenberg’s	   (2006)	   dissertation	   could	  possibly	  offer	  some	  insight	  into	  this	  situation.	  A	  certain	  lithic	  material	  known	  as	  St.	   Martin	   greenstone	  was	   collected,	   manufactured	   into	   ground-­‐edge	   artifacts,	  and	  exchanged	  in	  the	  northern	  Lesser	  Antilles	  over	  a	  relatively	  wide	  area	  during	  its	   peak	   distribution,	   stretching	   from	   Puerto	   Rico	   all	   the	   way	   south	   to	  Martinique,	  during	  the	  early	  phase	  of	  the	  Late	  Ceramic	  Age	  (AD	  600/800-­‐1200).	  As	  the	  name	  implies,	  the	  source	  of	  the	  St.	  Martin	  greenstone	  is	  found	  only	  on	  the	  island	   of	   St.	  Martin.	   Interestingly	   enough,	   the	   other	   islands,	   from	  which	   these	  ground-­‐edge	   artifacts	   were	   archaeologically	   recovered,	   often	   had	   other	   stone	  materials	   (or	   non-­‐lithic	   materials)	   that	   could	   have	   been	   just	   as	   acceptably	  manufactured	  into	  these	  artifacts.	  Yet	  these	  other	  materials	  that	  were	  in	  closer	  proximity	  were	   often	  neglected	   in	   preference	   of	   these	   other	   ‘exotic’	  materials.	  The	  St.	  Martin	  greenstone	  materials	  were	  not	  only	  exchanged	  down	  the	  line	  but	  also	  often	  procured	  directly	  from	  the	  source	  and	  brought	  to	  other	  islands	  to	  be	  manufactured	  to	  ground-­‐edge	  artifacts	  (Knippenberg	  2006).	  For	  the	  example	  of	  the	   St.	   Martin	   greenstones	   it	   seems	   extremely	   difficult	   to	   justify	   that	   these	  materials	  were	   just	  collected	  by	  chance	  since	  a	   journey	  to	  a	  distant	   island	  was	  often	  necessary	  for	  the	  procurement	  of	  these	  raw	  materials	  and	  finished	  ground-­‐
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edge	   artifacts.	   This	   same	   argument	   could	   also	   be	   used	   with	   the	   Amerindian	  inhabitants	   of	  El	   Cabo	   that	  would	  have	  had	   to	   travel	   substantial	   distances	   (on	  foot	  or	  by	  canoe)	  to	  reach	  primary	  sources	  of	  the	  material	  that	  were	  identified	  in	  this	   thesis.	  Secondary	  procurement	  of	   these	  materials	  could	  also	  prove	   to	  be	  a	  substantial	  effort	  since	  it	  does	  not	  seem	  that	  any	  rivers	  or	  alluviums	  that	  contain	  these	   identified	   materials	   come	   anywhere	   near	   to	   the	   eastern,	   calcareous	  dominant	  geography	  around	  the	  El	  Cabo	  site.	  Although	  more	  dedicated	  to	  the	  ritual	  maintenance	  of	  shell	  adzes,	  which	  were	   later	   replaced	   by	   steel	   axes,	   and	   rituals	   attached	   to	   the	   selection	   and	  manufacture	   of	   tree	   trunks	   into	   canoes,	   Wilbert’s	   (1993)	   thirty	   plus	   years	   of	  ethnographic	  research	  with	  the	  Warao,	  of	  the	  Orinoco	  Delta,	  could	  shed	  further	  light	  on	  the	  existence	  of	  rituals	  related	  to	  raw	  material	  procurement.	  Anytime	  a	  group	  of	  Warao	  craftsmen	  traveled	  to	  select	  a	  tree,	   to	  be	  cut	  and	  carved	  into	  a	  canoe,	  there	  was	  a	  ritual	  significance	  in	  the	  order	  of	  their	  procession.	  The	  first	  in	  line	  would	   be	   the	   senior	   expert	   canoe	   craftsman,	   the	  moyotu,	   followed	   by	   his	  son-­‐in-­‐laws	   that	   follow	   in	   their	   positions	   based	   on	   their	   seniority,	   which	   is	  determined	  by	  the	  age	  of	  their	  wives.	  During	  the	  actual	  manufacture	  of	  the	  canoe	  each	   son-­‐in-­‐law	   is	   given	   a	   specific	   task,	   with	   the	   most	   newlywed	   individual	  performing	  the	  simplest	  task.	  The	  tools	  used	  in	  carving	  these	  canoes,	  especially	  the	  adzes,	  must	  be	  carefully	  and	  ritually	  maintained	   lest	   the	  moyotu	  would	   fall	  into	   disgrace	   with	   their	   goddess.	   Neglecting	   the	   proper	   execution	   of	   these	  above-­‐mentioned	  rituals	  could	  have	  a	  detrimental	  effect	  on	  the	  health	  and	  lives	  of	   the	  moyotu’s	  kin	  and	  community.	  This	  could	  also	  prove	  to	  be	  detrimental	   to	  the	  moyotu’s	  own	  future	  and	  happiness	  while	  on	  this	  world	  and	  in	  the	  afterlife	  (Wilbert	   1993).	   Again,	   it	   seems	   difficult	   to	   accept	   that	   such	   rituals	   were	   so	  carefully	   practiced	   and	   followed	   in	   the	   maintenance	   of	   these	   adzes,	   the	  procurement	  of	   tree	   trunks,	  and	  the	  eventual	  carving	  of	  said	   tree	   trunk	   in	   to	  a	  canoe	  but	  would	  not	  also	  exist	  during	  procurement	  of	  materials	   to	  make	  these	  ontologically	  significant	  adzes,	  and	  other	  lithic	  ground-­‐edge	  artifacts.	  In	  addition	   to	   this,	   there	  are	  also	  early	  ethnohistoric	  accounts	  of	   rituals	  related	   to	   the	   procurement	   of	   metal	   ore	   from	   early	   post-­‐Contact	   on	   the	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Dominican	   Republic.	   The	   account	   detailing	   these	   practices	   seems	   to	   also	   help	  validate	  the	  existence	  of	  similar	  procurement	  rituals	  for	  rocks	  and	  stones	  on	  the	  island	  of	  Hispaniola.	  Kulstad	  (2008)	  draws	  attention	  to	  ritualized	  preparations	  for	  the	  procurement	  of	  gold	  ore	  in	  the	  Spanish	  mines	  during	  the	  Colonial	  period:	  "In	   spite	   of	   a	   fairly	   organized	   methodology,	   success	   in	   extracting	  gold	  was	  by	  no	  means	  guaranteed.	  Various	  practices	  were	  believed	  to	   improve	   a	   miner’s	   luck	   in	   finding	   gold,	   the	   most	   interesting	   of	  which	   may	   have	   been	   the	   one	   Christopher	   Columbus	   tried	   to	  institute	  in	  the	  early	  days	  of	  the	  colony	  (Oviedo	  in	  Rueda	  1988,	  150).	  Columbus	   affirmed	   that	   the	   Taíno	   Indians	   followed	   a	   particular	  religious	   ritual	   which	   involved	   chastity	   and	   fasting	   previous	   to	  gathering	   gold	   (Oviedo	   in	   Rueda	   1988,	   150).	   He	   believed	   the	  Spanish	  should	  also	  follow	  these	  principles,	  in	  addition	  to	  confessing	  and	  receiving	  communion	  before	  trying	  their	  luck	  (Oviedo	  in	  Rueda	  1988,	  150).	  He	  reinforced	  this	  belief	  by	  refusing	  to	  give	  gold	  licenses	  to	   those	  who	   did	   not	   comply	   (Oviedo	   in	   Rueda	   1988:	   150).	  Many	  Spaniards	   protested	   these	   provisions	   by	   stating	   that	   their	   wives	  were	   in	   Spain	   (being	   involved	   with	   Amerindian	   women	   did	   not	  count),	  that	  they	   ‘died	  of	  hunger	  and	  had	  to	  eat	  roots’	  (manioc	  and	  many	  other	  Taíno	  staples	  are	  tubers	  or	  roots),	  and	  that	  the	  Church	  only	  required	  confession	  once	  a	  year	  (Oviedo	  in	  Rueda	  1988,	  150).	  It	  is	   not	   known	   whether	   African	   and	   Amerindian	   workers	   were	  required	  to	  follow	  these	  guidelines	  as	  well."	  It	   is	   interesting	   how	   these	   practices	   of	   fasting	   and	   abstinence	   from	   feminine	  things	   echo	   the	   rituals	   described	   by	   Burton	   (1984).	   This	   evidence	   seems	   to	  indicate	   that	   similar	   rituals	   existed	   into	   the	   early	   years	   of	   post-­‐Contact.	   This	  example	  of	  procurement	  rituals	  even	  involves	  a	  metal	  ore	  that	  is	  closely	  related	  to	   the	   primary	   source	   of	   some	   of	   the	  materials	   researched	   in	   this	   thesis	   (e.g.	  greenstone	   belt	   materials	   near	   gold	   and	   other	   sulfide	   deposits	   in	   central	  Dominican	  Republic,	  chapter	  2).	  Since	  this	  is	  so	  early	  into	  post-­‐Contact	  times	  it	  seems	  rather	  probable	  that	  these	  rituals,	  and	  similar	  rituals,	  would	  have	  existed	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during	  the	  years	  before.	  It	  is	  unlikely	  that	  these	  practices	  would	  have	  appeared	  from	  nowhere	  during	   these	  early	  years	  of	   colonization.	   From	  here	   the	   chapter	  will	   move	   on	   to	   presenting	   an	   archaeological	   case	   study	   of	   a	   possible	   lithic	  procurement	  site	  in	  the	  Lesser	  Antilles.	  	  
5.3	   EVIDENCE	   FOR	   A	   TEMPORARY	   LITHIC	   PROCUREMENT	   CAMP	   IN	  
THE	  LESSER	  ANTILLES?	  The	  site	  of	   Jumby	  Bay	  of	  Antigua’s	  Long	   Island20,	  which	  was	   first	  excavated	  by	  van	   Gijn	   (1996)	   and	   latter	   elaborated	   upon	   in	   Knippenberg’s	   (2006)	  dissertation,	   provides	   an	   interesting	   archaeological	   case	   study.	   This	   site	   was	  occupied	  for	  a	  short	  period	  of	   time	  at	  some	  point	  between	  AD	  1100	  and	  1200.	  The	  artifact	  assemblage	  of	  this	  site	  is	  predominated	  by	  flint	  artifacts	  in	  a	  variety	  of	  stages	  of	  reduction.	  The	  Jumby	  Bay	  site	  has	  been	  interpreted	  as	  a	  temporary	  habitation	   site	   for	   exploitation	   of	   marine	   resources	   for	   sustenance,	   especially	  since	   it	   has	   been	   speculated	   that	   longer-­‐term	   habitation	   would	   have	   been	  difficult	  without	  any	  sources	  of	  fresh	  water	  on	  Long	  Island	  (Knippenberg	  2006).	  Although	  this	  researcher	  is	  not	  arguing	  that	  this	  interpretation	  was	  incorrect,	  it	  is	  instead	  encouraged	  of	  the	  reader	  to	  reflect	  upon	  the	  Tungei	  short-­‐term	  lithic	  procurement	   camps	   that	   were	   mentioned	   in	   the	   previous	   sections.	   If	   later	  archaeological	   excavations	   were	   conducted	   on	   these	   Tungei	   camps	   it	   could	  possibly	  be	  interpreted	  as	  a	  short-­‐term	  habitation	  sites	  with	  much	  consumption	  of	   food	   products	   and	   an	   abundance	   of	   lithic	   materials	   in	   various	   stages	   of	  reduction;	  that	  was	  also	  located	  in	  close	  proximity	  to	  a	  quarry	  utilized	  for	  lithic	  procurement	   and	   was	   later	   abandoned	   due	   to	   a	   fire.	   These	   interpretations	  obviously	   cover	  what	   could	   have	   occurred	  based	   on	   the	   archaeological	   record	  but	   they	  both	  miss	   the	  mark	  of	  what	   really	  happened	  and	   cannot	  uncover	   the	  rituals	   that	  were	   involved.	  While	   it	  might	  be	  difficult	   to	  recover	  archaeological	  evidence	   of	   these	   procurement	   rituals	   the	   attempt	   to	   locate	   them	   or	   the	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  20	  Long	  Island	  is	  located	  just	  northeast	  of	  the	  main	  island	  of	  Antigua	  in	  the	  northern	  Lesser	  Antilles	  and	  is	  the	  source	  of	  this	  relatively	  widely	  dispersed	  Long	  Island	  flint	  (Knippenberg	  2006;	  van	  Gijn	  1996)	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possibility	   of	   their	   existence	   should	   not	   be	   discredited	   and	   instead	   should	   be	  actively	  pursued	  since	  evidence	  seems	  to	  support	  this	  occurrence.	  
	  
5.4	  DISCUSSION	  This	  chapter	  has	  been	  used	  to	  delve	  into	  and	  present	  a	  topic	  that	  is	  apparently	  rather	  poorly	  understood	  and	  has	  not	  been	  actively	  pursued	  by	  researchers	   in	  the	  past.	  This	  has	  been	  done	  in	  an	  attempt	  to	  gradually	  place	  together	  the	  pieces	  of	   the	   puzzle	   searching	   for	   rituals	   related	   to	   raw	   material	   procurement	   that	  increasingly	  seems	  to	  have	  existed	  in	  pre-­‐Columbian	  Dominican	  Republic.	  Even	  though	   there	   has	   seemingly	   been	   little	   information	   collected	   by	   other	  researchers	   on	   this	   topic,	   there	   still	   are	   plenty	   more	   sources	   that	   potentially	  contain	   information	   beneficial	   to	   this	   line	   of	   research.	   Burton’s	   example	   from	  Papua	   New	   Guinea	   show	   that	   this	   type	   of	   phenomena	   exist,	   even	   related	   to	  similar	   materials,	   in	   other	   areas	   of	   the	   world.	   Also,	   ethnographic	   and	  archaeological	   examples	   from	   lowland	   South	   America	   seem	   to	   hint	   at	   the	  existence	  of	  similar	  practices	  there.	  Finally,	  the	  information	  presented	  detailing	  the	  Amerindian	  rituals	  that	  Christopher	  Columbus	  encouraged	  others	  to	  practice	  shows	   that	   similar	   types	   of	   rituals	   occurred	  with	   Amerindian	   procurement	   of	  other	  raw	  materials.	  While	  the	  final	  arguments	  presented	  in	  the	  archaeological	  case	   study	   above	   could	   be	   viewed	   as	   highly	   speculative,	   with	   little	   available	  supporting	  data;	  it	  was	  not	  the	  intentions	  of	  the	  researcher	  to	  do	  this	  but	  instead	  was	   an	   effort	  made	   to	   show	   how	   these	   rituals	   could	   very	   easily	   be	  missed	   or	  neglected	   when	   looking	   at	   the	   archaeological	   record.	   Nonetheless,	  understanding	   these	   past	   occurrences	   is	   important	   when	   trying	   to	   accurately	  interpret	   an	   excavated	   site	   and	   understanding	   the	   culture	   that	   occupied	   or	  interacted	  at	  that	  site.	  This	  can	  only	  be	  remedied	  by	  further	  research	  into	  more	  ethnographic	   and	   ethnohistoric	   texts	   with	   this	   topic	   kept	   in	   mind.	   Much	   has	  been	   lost	   or	   forgotten	   with	   regards	   to	   past	   Amerindian	   cultures,	   and	   this	  particular	   topic	   is	   apparently	   a	   difficult	   topic	   to	   pursue,	   but	   this	   cannot	   and	  should	  not	  stop	  researchers	  in	  the	  effort	  to	  uncover	  these	  past	  practices.	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6.	   Conclusions	  and	  Discussion	  	  	  	  The	  main	  objective	  of	  this	  study	  was	  to	  identify	  and	  characterize	  the	  variety	  of	  lithic	  materials	  used	  to	  produce	  the	  ground-­‐edge	  artifacts	  of	  the	  site	  of	  El	  Cabo	  and	  to	  use	  this	  information	  to	  locate	  possible	  source	  locations.	  This	  has	  proven	  to	  be	  rather	  successful	  as	  the	  last	  few	  chapters	  have	  detailed.	  The	  previous	  two	  chapters	  presenting	  the	  petrological	  descriptions	  of	  the	  materials	  researched	  in	  this	  thesis	  and	  discussed	  possible	  procurement	  rituals	  and	  strategies	  that	  seem	  to	   have	   existed	   in	   the	   Dominican	   Republic	   will	   be	   reflected	   upon.	   The	  characterizations	   of	   most	   of	   the	   materials	   have	   been	   established	   and	   the	  possible	  source	  locations	  described	  in	  chapter	  4.	  This	  current	  chapter	  will	  be	  the	  conclusion	  of	  this	  thesis	  and	  will	  reflect	  upon	  what	  has	  been	  discovered	  during	  this	  research	  and	  then	  to	  discuss	  some	  possible	   improvements	   to	   the	  methods	  and	  research	  strategies.	  Finally,	  this	  chapter	  will	  conclude	  with	  suggestions	  for	  possible	  future	  studies	  utilizing	  this	  research	  method.	  	  
6.1	  CONCLUSIONS	  It	   seems	   that	   the	  ground-­‐edge	  artifact	  assemblage	  of	  El	  Cabo	   is	   composed	  of	  a	  rather	   diverse	   geological	   assemblage	   with	  materials	   from	  metamorphic	   facies	  that	   include	   prehnite-­‐pumpellyite,	   greenschist,	   blueschist,	   amphibolite	   and	  eclogite-­‐facies.	  In	  addition	  to	  these	  determinable	  facies	  there	  are	  other	  materials	  that	  are	  less	  obvious.	  However,	  overall	  the	  research	  conducted	  in	  this	  thesis	  has	  been	  a	  great	  success.	  With	  this	  said,	  it	  appears	  that	  a	  large	  percentage	  of	  the	  El	  Cabo	   ground-­‐edge	   artifact	   assemblage	   is	   predominated	   by	   one	   group	   of	  materials;	   this	   would	   the	   metatuff	   group	   that	   usually	   range	   from	   prehnite-­‐pumpellyite	   to	   greenschist-­‐facies	   and	   often	   retain	   the	   structure	   of	   their	  protolith.	   Many	   of	   the	   bit	   fragments	   made	   from	   this	   material	   appear	   to	   have	  been	  broken	  off	  as	  flakes	  during	  the	  use	  of	  the	  ground-­‐edge	  tool.	  This	  seems	  to	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indicate	   that	   these	   ground-­‐edge	   artifacts	   were	   actually	   utilized	   as	   opposed	   to	  existing	   as	   ceremonial	   or	   ritual	   items	   since	   this	   flaking	   is	   indicative	   of	  fragmenting	   during	   use.	   The	   angles	   of	  most	   of	   the	   analyzed	   ground-­‐edge	   bits	  fragments	  are	  indicative	  of	  an	  adze	  with	  one	  steeper	  angle	  and	  one	  more	  gradual	  angle.	  The	   flakes	  of	   these	  possible	  adzes	   tend	   to	  break	  off	  on	   the	  steeper	   side,	  which	   indicates	   that	   they	   would	   have	   been	   swung	   vertically	   when	   they	  fragmented.	  This	  may	  also	  be	  the	  case	  with	  S11,	  the	  mid-­‐section	  fragment	  with	  the	  obliquely	  parallel	  breaks,	  which	  broke	  in	  a	  way	  that	  appears	  more	  likely	  to	  occur	  from	  being	  hafted	  in	  the	  manner	  of	  an	  adze	  rather	  than	  an	  axe.	  This	  seems	  to	   further	   indicate	   that	   at	   least	   some	   of	   these	   artifacts	   were	   hafted	   as	   adzes.	  Another	   bit	   fragment	   from	   this	   assemblage	   (S18)	   is	   composed	   of	   two	   rather	  similar	  in	  angle	  sides,	  which	  would	  be	  more	  fitting	  for	  an	  artifact	  that	  is	  hafted	  and	  swung	  in	  the	  manner	  of	  an	  axe	  or	  to	  be	  used	  as	  a	  wedge	  or	  scraper.	  With	  this	  said,	   hafted	   or	   unhafted	   these	   ground-­‐edge	   artifacts	   could	   still	   serve	   as	  multifunctional	   tools.	   Just	   because	   the	   appearance	   or	  manner	   that	   the	   artifact	  was	  broken	  seems	  to	   indicate	  how	  the	  artifact	  was	  hafted	  does	  not	  necessarily	  mean	  that	  was	  all	   that	   it	  was	  used	   for.	  On	  the	  other	  hand,	  some	  other	  ground-­‐edge	   artifacts	   from	   the	   El	   Cabo	   assemblage	   display	   no	   obvious	   signs	   of	  functional	   use.	  This	   is	   the	   case	  of	   the	   small,	   intact	   ground-­‐edge	   artifact	   that	   is	  characteristically	   similar	   to	   S18.	   With	   other	   artifacts	   the	   cause(s)	   for	   their	  fragmentation	   is	   less	   obvious.	   Some	  of	   these	  materials	  will	   soon	  undergo	  use-­‐wear	  analyses	  that	  when	  completed	  can	  be	  combined	  with	  the	  form	  of	  research	  from	  this	  thesis	  to	  produce	  further	  interesting	  results.	  	  	   Furthermore,	   based	   on	   the	   possible	   sources	   locations	   and	   petrology	  characterizations	   described	   in	   chapters	   2	   and	   4	   it	   seems	   that	   these	  materials	  would	  have	  to	  be	  procured	  from	  areas	  that	  are	  not	  in	  close	  proximity	  to	  the	  site	  of	   El	   Cabo.	   Of	   course,	   exchange	   is	   another	   likely	   factor	   since,	   as	   previous	  chapters	   have	   explained,	   the	   site	   of	   El	   Cabo	   was	   situated	   in	   both	   a	   land	   and	  water-­‐based	  network.	  Further	   implications	  for	  exchange	  of	  these	  materials	  can	  be	   seen	   in	   the	   lack	   of	   production	   debitage	   in	   the	   ground-­‐edge	   artifact	  assemblage.	  The	  lack	  of	  these	  production	  materials	  could	  be	  explained	  by	  three	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possible	  scenarios:	  1)	  the	  materials	  were	  exchanged	  in	  their	  finished	  form	  from	  elsewhere;	  2)	  the	  raw	  materials	  were	  already	  close	  to	  the	  shape	  of	  the	  finished	  ground-­‐edge	  tool	  and	  would	  therefore	  leave	  very	  little	  production	  debitage;	  and	  3)	  these	  materials	  were	  reduced	  in	  other	  areas	  away	  from	  the	  excavated	  portion	  of	   El	   Cabo.	   The	   last	   situation	   is	   less	   likely	   since	   the	   site	   of	   El	   Cabo	   and	   the	  surrounding	   area	   is	   set	   upon	   a	   very	   weakly	   stratigraphic	   region	   and	   field	  surveys	  have	  been	  conducted	  in	  area	  with	  surface	  collections	  included	  with	  the	  rest	  of	  the	  artifacts,	  although	  this	  does	  not	  discredit	  offsite	  manufacturing.	  While	  the	   second	   scenario	   is	   entirely	   plausible,	   especially	   for	   the	   greenbelt	  metatuff	  materials,	  it	  does	  not	  explain	  all	  of	  the	  materials.	  For	  instance,	  S12’s	  most	  likely	  source	   is	   from	   the	   Samaná	   Peninsula,	   over	   80km	   away	   by	   canoe,	   which	   can	  apparently	   only	  be	   found	   in	  primary	   sources	   and	   in	   secondary	   sources	  on	   the	  beach	  and	  canyons,	   in	  blocks	   larger	   that	  a	  meter	   in	  diameter.	   So,	  unless	  every	  stage	   of	   reduction	   and	   the	   grinding	   of	   the	   ground-­‐edge	   artifact	   took	   place	  elsewhere	  then	   it	  would	  seem	  there	  would	  be	  some	  debitage	  present.	   It	  seems	  that	  while	  direct	  and	  secondary	  procurement	  of	  these	  materials	  was	  likely	  that	  exchange	   for	   these	  materials	   was	   also	   occurring.	   In	   addition	   to	   this,	   although	  “borders”	   during	   that	   time	   were	   not	   what	   they	   are	   considered	   by	   today’s	  standards,	  the	  metamorphic	  complexes	  in	  the	  north	  would	  have	  been	  located	  in	  the	  ethnohistorically	  documented	  Maguá	  Chiefdom	  while	  the	  site	  of	  El	  Cabo	  (at	  least	  during	  the	  late	  phase	  of	  the	  Late	  Ceramic	  Age)	  would	  have	  been	  located	  in	  the	  Higüey	  Chiefdom.	  It	  is	  unclear	  how	  exactly	  this	  could	  have	  had	  an	  effect	  on	  direct	  procurement	  of	   these	  materials	  but	   it	   definite	   could	  have	   facilitated	   the	  exchange	  of	  these	  materials	  between	  the	  two	  chiefdoms.	  	   Although	  many	  of	  these	  materials	  had	  to	  be	  procured	  or	  exchanged	  from	  rather	  distant	  locations,	  which	  may	  have	  raised	  the	  value	  or	  significance	  of	  these	  artifacts;	   a	   possible	   explanation	   for	   the	   selection	   of	   these	   particular	  materials	  may	  have	  as	  much	  to	  do	  with	  beliefs	  of	  these	  Amerindian	  groups	  as	  it	  may	  also	  have	   to	   do	   with	   a	   lack	   of	   other	   practical	   lithic	   materials	   in	   the	   region.	   These	  materials	   may	   have	   been	   sought	   after	   in	   direct	   procurement	   or	   by	   exchange	  simply	  due	  to	  a	  lack	  of	  other	  useable	  materials	  in	  the	  vicinity.	  This	  speculation	  is	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based	  on	   the	  carbonate	   rich	  environment	  of	   the	  area	  around	  El	  Cabo	  although	  the	   igneous	  and	  sedimentary	  materials	   from	   the	  Cordillera	  Oriental	  could	  have	  been	  a	  substitute.	  Obviously,	  this	  can’t	  explain	  entirely	  why	  these	  materials	  were	  used	  because	  as	  diverse	  as	  the	  geological	  assortment	  is	  there	  are	  shared	  similar	  characteristics	  between	   these	  materials	  but	   it	  at	   least	   seems	   to	  answer	  part	  of	  the	  question.	  Also,	  as	  of	  yet	  evidence	  for	  rituals	  attached	  to	  lithic	  procurement	  in	  the	  Dominican	  Republic	  is	  currently	  inconclusive	  without	  any	  direct	  evidence	  of	  these	  practices.	  With	  this	  said,	  as	  the	  presented	  case	  studies	  have	  shown,	  these	  type	   of	   procurement	   rituals	  most	   likely	   existed	   in	   the	   Dominican	   Republic	   as	  they	  have	  elsewhere	  and	  with	  other	  materials.	  	  	  
6.2	  IMPROVEMENTS	  &	  IMPLICATIONS	  FOR	  FUTURE	  RESEARCH	  Although	   the	   methods	   utilized	   in	   this	   thesis	   worked	   rather	   well	   there	   are	   a	  couple	  things	  that	  might	  need	  to	  be	  refined	  for	  future	  research.	  For	  one,	  if	  future	  EMP	  analysis	  is	  done	  there	  needs	  to	  be	  collection	  of	  data	  for	  both	  Fe-­‐oxides.	  This	  will	  assist	  in	  the	  identification	  of	  epidote,	  which	  was	  difficult	  in	  some	  instances	  without	   this	   data.	   Also,	   the	   use	   of	   an	   X-­‐ray	   Diffraction	   (XRD)	   could	   aid	   in	   the	  initial	  grouping	  of	  materials	  or	  to	  aid	  in	  the	  selection	  of	  potentially	  similar	  lithic	  materials.	  Now	   that	   these	   improvements	   have	   been	   mentioned	   and	   this	  groundwork	  research	  has	  been	  completed	   this	  opens	  up	  many	  possibilities	   for	  future	   research.	   This	   same	  method	  may	   be	   taken	   and	   adapted	   to	   be	   used	   for	  other	   types	   of	   lithic	   materials	   and	   prove	   beneficial	   in	   locating	   other	   lithic	  materials	  provenance.	  Also,	  another	  interesting	  option	  is	  to	  open	  up	  this	  ground-­‐edge	  artifact	  study	  to	  other	  sites	  in	  the	  Dominican	  Republic	  and	  elsewhere,	  such	  as	   the	   characteristically	   similar	   materials	   seen	   elsewhere	   discussed	   in	   earlier	  chapters.	   This	   form	   of	   research	   would	   be	   excellent	   in	   locating	   exchange	  networks	   and	   patterns	   of	  mobility.	   Furthermore,	   surveys	   can	   be	   conducted	   in	  these	   source	  areas	   in	   the	  attempt	   to	   locate	  possible	  quarries	  or	  other	  areas	  of	  procurement.	   Any	   of	   these	   research	   strategies	   or	   even	   combinations	   of	   them	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could	   prove	   to	   be	   extremely	   productive	   and	   beneficial	   to	   the	   increasing	   our	  understanding	  of	   the	  geologic	  units	  of	   the	  Dominican	  Republic	  and	  of	   the	  past	  Amerindians	  that	  used	  these	  stones.	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Abstract	  This	   thesis	   utilizes	   geologic	   methods	   and	   techniques	   (optical	   mineralogy	   and	  electron	   microprobe	   analysis)	   to	   characterize	   certain	   stone	   ground-­‐edge	  artifacts	  from	  the	  site	  of	  El	  Cabo.	  This	  has	  been	  done	  to	  locate	  the	  provenance	  of	  these	   samples	   and	   to	   build	   a	   better	   understand	   of	   the	   materials	   used	   by	   the	  Amerindians	   of	   the	   Dominican	   Republic.	   This	   research	   will	   also	   delve	   into	  possible	   rituals	   that	   existed	  with	   lithic	   procurement	   in	   this	   region	   and	  others.	  The	   goals	   of	   the	   thesis	   are	   to	   build	   a	   better	   understand	   of	   archaeology	   and	  geology	  of	   the	   insular-­‐Caribbean	  as	   a	  whole	  and	   to	   zoom	   in	  on	   the	  Dominican	  Republic	  and	  the	  site	  of	  El	  Cabo.	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Figure	  1:	  Image	  showing	  the	  tectonic	  boundaries	  of	  the	  Caribbean	  Plate	   	  	  	  	  	  24	  locations	  of	  (ultra-­‐)	  high-­‐pressure	  rocks	  marked	  in	  yellow	  and	  white,	  also	  includes	  a	  list	  of	  field	  localities	  that	  are	  non-­‐relevant	  to	  this	  thesis	  (image	  modified	  from	  http://www.ugr.es/~agcasco/igcp546/project.htm).	  
Figure	  2:	  Image	  showing	  the	  metamorphic	  complexes	  of	  the	  northern	   	  	  	  	  	  	  	  27	  Cordillera	  Septentrional,	  the	  metamorphic	  complexes	  of	  Cordillera	  Central,	  and	  the	  geology	  of	  eastern	  Dominican	  Republic	  including	  the	  site	  of	  El	  Cabo.	  Alluviums	  of	  these	  features	  are	  shown	  in	  the	  gray-­‐white	  colored	  areas	  of	  the	  map	  (modified	  from	  www.Dicyt.com/data/89/9089.jpg).	  
Figure	  3:	  Image	  concisely	  explaining	  the	  geology	  of	  the	  Dominican	  Republic	  	  	  28	  the	  rest	  of	  Hispaniola	  (image	  from	  www2.fiu.edu/orgs/caribgeol/hispaniola.html).	  Although	  most	  of	  the	  	  geologic	  zones	  from	  this	  image	  and	  the	  image	  above	  still	  correlate	  with	  	  each	  other,many	  years	  of	  research	  has	  been	  conducted	  since	  the	  creation	  of	  	  this	  image	  and	  so	  some	  differences	  will	  be	  seen	  with	  the	  images	  above	  and	  in	  	  the	  sections	  below.	  Nevertheless,	  this	  geologic	  map	  acts	  as	  an	  excellent	  	  introduction	  that	  will	  be	  refined	  upon	  in	  the	  following	  sections.	  
Figure	  4:	  Image	  showing	  the	  fault	  zones	  and	  geology	  of	  the	  Puerto	  Plata	   	  	  	  30	  Complex	  and	  surrounding	  areas	  (Escuder-­‐Viruete	  et	  al.	  2014,	  263).	  
Figure	  5:	  Image	  showing	  fault	  zones	  and	  the	  geology	  of	  the	  Rio	  San	  	   	  	  	  	  33	  Juan	  Complex	  (Escuder-­‐Viruete	  et	  al.	  2013,	  418).	  
Figure	  6:	  Image	  showing	  fault	  zones	  and	  the	  geology	  of	  the	  Samaná	  	   	  	  	  36	  Complex	  (Goncalves,	  et	  al.	  1999,	  122).	  
Figure	  7:	  Image	  showing	  fault	  zones	  and	  the	  geology	  of	  the	  Rio	  	   	  	  	  39	  Verde	  Complex,	  Maimón	  Belt	  (Maimón	  Fm.	  And	  Amina	  Fm.),	  and	  	  surrounding	  areas	  (Escuder-­‐Viruete	  et	  al.	  2009,	  170).	  
Figure	  8:	  Photographs	  showing	  diamond-­‐impregnated	  saw	  in	  use	   	  	  47	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  by	  researcher	  (left)	  and	  not	  in	  use	  from	  another	  angle	  (right).	  
Figure	  9:	  Photograph	  showing	  a	  grinding	  wheel	  setup	  	   47	  (left;	  Hirsch	  2012)	  that	  is	  similar	  to	  the	  grinding	  wheels	  at	  Vrije	  	  Universiteit	  except	  that	  this	  example	  does	  not	  have	  a	  sink	  directly	  	  mounted	  above	  the	  grinding	  wheel,	  for	  cleaning	  and	  lubrication.	  	  Photograph	  showing	  mechanical	  polishing	  of	  the	  thin	  sections	  	  (right).	  Approximately	  8	  samples	  can	  be	  mounted	  in	  this	  machine	  at	  a	  	  time	  and	  the	  desired	  thickness	  can	  be	  programed	  using	  the	  panel	  to	  the	  	  right.	  
Figure	  10:	  Sample	  10	  -­‐	  showing	  distal	  view	  of	  the	  butt	  fragment	  (left),	  	   52	  side	  view	  of	  butt	  fragment	  (center),	  and	  the	  mounted	  sample	  in	  thin	  	  section	  (right).	  
Figure	  11:	  Sample	  8	  -­‐	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   53	   	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  the	  mounted	  sample	  in	  	  thin	  section	  (right).	  
Figure	  12:	  Sample	  13	  -­‐	  showing	  distal	  side	  of	  the	  bit	  fragment	  	   54	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  13:	  Sample	  18	  -­‐	  showing	  distal	  side	  of	  the	  bit	  fragment	  	   55	  (left),	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  the	  mounted	  sample	  	  in	  thin	  section	  (right).	  
Figure	  14:	  Sample	  12	  -­‐	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  	   56	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  15:	  Sample	  17	  –	  showing	  two	  different	  side	  views	  of	  butt	  	   57	  fragment	  (left	  and	  center)	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  16:	  Sample	  6	  -­‐	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  	   58	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  17:	  Sample	  19	  -­‐	  showing	  both	  sides	  of	  the	  bit	  fragment	  (left	  	   59	  and	  center)	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  18:	  Sample	  1	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   60	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  mounted	  sample	  in	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thin	  section	  (right).	  
Figure	  19:	  Sample	  2	  –	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	   61	  	  and	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  20:	  Sample	  3	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   62	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  mounted	  sample	  in	  	  thin	  section	  (right).	  
Figure	  21:	  Sample	  4	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   63	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  mounted	  sample	  in	  	  thin	  section	  (right).	  
Figure	  22:	  Sample	  5	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   64	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  mounted	  sample	  in	  	  thin	  section	  (right).	  
Figure	  23:	  Sample	  7	  –	  showing	  distal	  side	  of	  the	  bit	  fragment	  (left),	  	   65	  proximal	  side	  of	  the	  bit	  fragment	  (center),	  and	  the	  mounted	  sample	  in	  	  thin	  section	  (right).	  
Figure	  24:	  Sample	  9	  –	  showing	  distal	  side	  (left),	  proximal	  side	  (center),	  	   66	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  25:	  Sample	  11	  –	  showing	  both	  sides	  of	  the	  fragment	  (left	  and	  	   67	  center)	  and	  the	  mounted	  sample	  in	  thin	  section	  (right).	  
Figure	  26:	  Sample	  14	  –	  showing	  distal	  side	  of	  the	  artifact	  (left),	  	   68	  proximal	  side	  of	  the	  artifact	  (center),	  and	  mounted	  sample	  in	  thin	  	  section	  (right).	  
Figure	  27:	  Sample	  15	  –	  showing	  distal	  side	  of	  the	  fragment	  (left),	  	   69	  proximal	  side	  of	  the	  fragment	  (center),	  and	  the	  mounted	  sample	  in	  	  thin	  section.	  
Figure	  28:	  Sample	  16	  –	  showing	  both	  sides	  of	  the	  artifact	  (left	  and	  	   70	  center)	  and	  the	  mounted	  sample	  in	  thin	  section.	  
Figure	  29:	  Sample	  6	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   71	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  30:	  Sample	  8	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   73	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	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Figure	  31:	  Sample	  10	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   74	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  32:	  Sample	  18	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   75	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  33:	  Sample	  13	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   77	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  34:	  Sample	  17	  -­‐	  Micrograph	  showing	  EMP	  (left)	  and	  	   78	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  35:	  Sample	  19	  -­‐	  Micrograph	  showing	  zoned	  amphibole	  	   79	  areas	  (hornblende/actinolite)	  and	  the	  zoned	  plagioclase	  areas	  (bytownite	  	  to	  andesine).	  The	  lighter	  shaded	  grain	  in	  the	  left	  of	  the	  micrograph	  is	  magnetite	  (most	  white)	  with	  ilmenite	  (slightly	  darker	  white/gray)	  	  and	  ilmenite	  (darker)	  alteration	  areas.	  (The	  contrast	  of	  this	  image	  has	  	  been	  slightly	  increased	  to	  provide	  a	  better	  visual	  of	  the	  zoning	  areas)	  
Figure	  36:	  Sample	  12	  -­‐	  Micrograph	  showing	  prograding	  garnet	  in	  EMP	  	   81	  (left)	  and	  micrograph	  showing	  thin	  section	  sample	  in	  XPL	  (right).	  
Figure	  37:	  Photographs	  showing	  ethnographic	  examples	  of	  primary	  	   88	  raw	  material	  procurement	  (left)	  and	  secondary	  raw	  material	  	  procurement	  (right)	  by	  indigenous	  communities	  of	  Indonesia	  	  (from	  Pétrequin	  and	  Pétrequin	  1993).	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Appendix	  1	  	  
	  These	  tables	  provide	  the	  list	  of	  standards	  used	  by	  the	  EMP:	  
For	  plagioclase:	  
Elt	   Standard	   Locality	   Block	   Source	   BG	  neg	   BH	  pos	  
Ba	  	  	  La	   BaAl12019	  
	  
200	  
	  
-­‐3	   4.5	  
Sr	  	  	  	  La	   Celestine	  
	  
500	  
VU	  
collection	   -­‐4	   6	  
Si	  	  	  	  Ka	   Diopside	  
Zillertal,	  
Tyrol	   300	  
VU	  
collection	   -­‐4	   6	  
Ca	  	  	  Ka	   Diopside	  
Zillertal,	  
Tyrol	   300	  
VU	  
collection	   -­‐5	   5	  
Fe	  	  	  Ka	   Fayalite	   Synthetic	   300	  
Takei,	  
Japan	   -­‐5	   5	  
Na	  	  Ka	   Jadeite	   California	   300	  
	  
-­‐5	   5	  
M	  	  	  Ka	   Olivine	  
St,	  John	  
Island	   300	   Cambridge	   -­‐8	   6.8	  
Al	  	  	  Ka	   Orthoclase	   Madagascar	   300	  
VU	  
collection	   -­‐5	   5	  
K	  	  	  	  Ka	   Orthoclase	   Madagacar	   300	  
VU	  
collection	   -­‐36	   35	  
Mn	  	  Ka	   Tephroite	   synthetic	   300	  
Takei,	  
Japan	   -­‐2.5	   3.5	  
	  
For	  non-­‐plagioclase:	  
Elt	   Standard	   Locality	   Block	   Source	   BG	  neg	   BG	  pos	  
Al	  Ka	   Corundum	  
	  
200	  
	  
-­‐5	   5	  
Cr	  Ka	   Cr2O3	  
	  
200	  
CIC	  
Dormundt	   -­‐5	   5	  
Ca	  Ka	   Diopside	   Poorter	   300	   Utrecht	   -­‐5	   5	  
Si	  Ka	   Diopside	   Poorter	   300	   Utrecht	   -­‐4	   6	  
Fe	  Ka	   Fayalite	   synthetic	   300	   Takei,	  Japan	   -­‐5	   5	  
Ti	  Ka	   Ilmentite	   synthetic	   200	  
Takei	  
(Japan)	   -­‐4.8	   4	  
Na	  Ka	   Jadeite	   California	   300	  
	  
-­‐5	   5	  
Ni	  Ka	   NiO	  
	  
200	  
VU	  
collection	   -­‐3.3	   4	  
Mg	  Ka	   Olivine	  
St,	  John	  
Island	   300	   Cambridge	   -­‐8	   6.8	  
K	  Ka	   Orthoclase	   Madagascar	   300	  
VU	  
collection	   -­‐36	   35	  
Mn	  Ka	   tephroite	   synthetic	   300	   Takei,	  Japan	   -­‐2.5	   2.5	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Appendix	  2	  	  Showing	  the	  chemical	  composition	  values	  that	  were	  determined	  by	  the	  EMP:	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